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ABSTRACT 
Wireless communications has brought great deal of convenience to everyone It can be 
found everywhere, from the remote controller of a television set that uses infra red, to the 
non line-of-sight wireless link between palm-tops that uses the Bluetooth technology 
Ultra Wideband (UWB) technology is one possible solution for short range indoor 
communication applications This technology has been introduced some decades ago but 
the applications have mostly been in ground penetrating radar systems UWB systems 
spread the signal energy over a large frequency band and make the power spectral density 
very low An easy pulse waveform to generate UWB spectrum is a narrow Gaussian 
pulse and some of its modifications UWB fransmitter emits Gaussian monopulses of 
very short pulse width, which will in turn cause the resultant spectral width of the 
Gaussian monopulse to be very wide, typically having a range of 3 1 GHz to 10 6 GHz 
As the bandwidth of a UWB signal is very large, it can carry large amounts of 
information and thus can provide a high level of accuracy when used to detect a target 
Signals transmitted using UWB technology are highly secure, as the spectral 
characteristics are nearly noise like, thanks to the pseudo-random code used to spread the 
data UWB has already been used in rescue operations such as detection of survivors in 
rubble and in military for detection of land mines The objective of this report is to 
simulate the transmitter that utilizes ultra wideband technologies and to design an indoor 
target localizing system 
Chapter 1: Introduction 
1.1 General Introduction 
Over a century ago, it was impossible to know where a person on the other side of the 
globe would be at this instant As technology advanced leaps and bounds, man started to 
explore space by sending rockets carrying satellites into the sky and these satellites are 
used for what is now known as Global Positioning System (GPS) GPS uses three 
satellites to locate a target and a fourth to obtain the timing [1] The way to locate an 
indoor target with great accuracy is to use ultra wideband (UWB) signals Emerging 
technology using UWB communications can help in sensing through the wall and geo-
location can provide new sensors and capabilities that if developed and disseminated to 
the first responder (fire bngade, police) can save life or to a great extent minimize the 
danger that they face [2] 
Ultra wideband is unique in many ways It has a very large bandwidth, operates 
using low power Currently, there are very few commercial products that use ultra 
wideband technology as they are mostly used for ground penetrating radars and military 
purposes With the Federal Communications Commission (FCC) setting clear regulations 
regarding ultra wideband transmissions, the development of ultra wideband is speeding 
up In a few years time, it will not be surprising to find UWB replacing most of the 
existing narrow band techniques [3] 
Ultra wideband is a new and very promising alternative to the ever-increasing 
demand for bandwidth Researchers are now looking at implementing UWB technology 
into devices such as mobile phones and laptop computers that require handling of large 
amounts of wireless information among networks 
1.2 Objectives 
During emergencies such as a fire or an earthquake, the people inside buildings need to 
be evacuated as soon as possible When a person is trapped inside a building, every 
minute counts and his survival depends how fast his rescuers can get to him When such a 
system is implemented, the administrator would be able to monitor the location of each 
person within a building In case an emergency does happen, the administrator will be 
able to know who made it out of the building and who did not. If a person did not manage 
to escape in time, the administrator will be able to know the location of the trapped 
person 
Formation flying of multiple spacecraft is an enabling technology for many future 
space missions. Sensing technology chosen to determine relative vehicle position and 
orientation will play an important role. We define formation flying as the coordinated 
motion control of a group of vehicles where the vehicle positions relative to each other 
are very important. These vehicles may be groups of trucks, aircraft, or spacecraft. This is 
applicable to all of these vehicle formation applications since they share common sensing 
research issues. Formation flying technologies for spacecraft will enable the use of a 
'virtual spacecraft bus' where multiple distributed spacecraft could be coordinated to act 
as one. This will enable new scientific missions involving coordinated but distributed 
measurements, leading to improved stellar interferometry, gravimetric and synthetic 
aperture radars. Spacecraft formation control will require a measure of the formation 
states, i.e., the relative attitude and positions of the vehicles, and ultra-wideband RF 
ranging offers a promising relative navigation sensor. Our approach is an extension to 
previously explored carrier differential GPS techniques. Ultra-wideband ranging 
techniques will be improvement on the differential carrier phase GPS ranging techniques, 
by both improving accuracy to the sub-centimeter level and eliminating the measurement 
bias ambiguity problem [2] 
To design such a system, several factors such as placements of beacons, signal 
structure, size of the building and muhiple access techniques had to be considered and 
compared before implementing the design. 
This thesis will look into designing an indoor localizing system that is able to 
locate a user amongst many others in a building using ultra wideband technology It will 
also cover the simulation of a single user link of the system. The simulated system that 
Simulink created will help to gain a better understanding of how a single user link is 
achieved in order to aid in further development of the system in future. 
This thesis aims to accomplish the following objectives. 
(1) Designed an indoor localizing system using ultra wideband technology 
(2) Calculation of predicted received power. 
(3) Equations to obtain user coordinates formulated. 
(4) Created a simulation of the transmitter utilizing DS-UWB 
1.3 Localization 
Figurel.l Localization 
There are many commercial and military applications that require of precise location. 
Applications vary widely, and include finding children, lost pets, and luggage, tracking 
search and rescue personnel, locating inventory in large warehouses or cargo containers, 
rescuing military personnel in hostile territory, etc. With the help of UWB integrated 
ultra wideband transceivers can be developed, called Localizers, for precise position 
location and low data rate communication. Localizers determine location by sharing 
range information with in a network of units distributed in the environment. The range 
between pairs of localizers is determined by cooperatively exchanging ultra wideband 
signals consisting of coded sequences. Range information is constantly shared so that all 
localizers are aware of all other localizers in the network. Using precise timing 
techniques, the localizers are able to establish these ranges to an accuracy of about 
centimeter Localization is a mechanism to find out spatial relationship between objects 
as shown in figure 1 1 For finding out position in 3D four reference points are required 
Similarly for finding out position in 2D, three reference points are required 
1.4 Project Layout 
The content of this work is divided into different chapters to cover the different aspects of 
an indoor localizing system using ultra wideband technology 
Chapter 1 consists of a general introduction to the thesis and why there is a need 
for this UWB technology Discussion on localization has also been included In chapter 2, 
ultra wideband characteristics and regulations are discussed in great detail Chapter 3 will 
be covering the concept of acquiring the position of a target in greater details and 
formulate a set of equations suitable for the system Chapter 4 will be covering the recent 
technologies that are related to localization Chapter 5 is about designing an indoor 
localizing system that utilizes ultra wideband technology On top of that a list of system 
operations can also be found inside Chapter 6 will be looking at the power analysis of 
the system where by checks will be performed to ensure the transmitted power is within 
the emission limits that FCC had regulated The theoretical received power expected at 
the receiving end will also be established at the end of chapter 6 Chapter 7 will be 
covering the simulation of the ultra wideband transmitter and the various steps required 
to obtain the ultra wideband waveforms Chapter 8 is about the discussion of the results 
obtained from the simulations Lastly, chapter 9 will be the conclusion of the thesis and 
future work that could be done 
Chapter 2: Background Studies of UWB 
2.1 History of Ultra Wideband 
The origin of ultra wideband (UWB) technology stems from work in time-domain electro 
magnetics begun in 1962 to fully describe the transient behavior of a certain class of 
microwave networks through their characteristic impulse response The concept was 
indeed quite simple It was not until the advent of the sampling oscilloscope and the 
development of techniques for sub nanosecond (base band) pulse generation, to provide 
suitable approximations to an impulse excitation, that the impulse response of microwave 
networks could be directly observed and measured [4] 
The invention of a sensitive short pulse receiver is to replace the cumbersome 
time-domain sampling oscilloscope further accelerated system development In 1973, 
Sperry was awarded the first UWB communications patent Through the late 1980's, this 
technology was alternately referred to as base band, carrier-free or impulse - the term 
"ultra wideband" not being applied until approximately 1989 by the U S [4] 
In 1984, recognizing the value of UWB technology in the development of low 
probability of intercept and detection (LPI/D) communications systems, Dr Ross 
prepared a seminal paper entitled "Comments on Base band or Carrier-Free 
Communications" Collaborating with Dr Robert Fontana and Fontana designed, 
developed and implemented an LPI/D communications system, funded by the U S 
Govemment in 1986 [4] 
2.2 Characteristics of Ultra Wideband 
Ultra wideband signals are peculiar in many ways All narrowband signals have large 
periods resulting in a narrow spectral bandwidth which deviates around a carrier 
frequency 
Ultra wideband signals have exactly the opposite characteristics They transmit 
Gaussian mono pulses, typically having pulses lasting only nano-seconds The result of 
having such narrow pulse is that ultra wideband signals have spectral density that looks 
very much like a pancake spreaded out over a wide range of frequency in the range of 
gigahertz 
With Its large bandwidth, ultra wideband systems are able to support high data 
rates up to lOOMbits/s With such high data rates, this even surpasses the current favorite 
IEEE 802 11 The UWB Sense through the wall system will provide a capability to 
conduct surveillance from the exterior of the building [2] Anti-jam performance of the 
UWB receiver derives from its ability to respond to the leading edge of the received 
pulse, which, when combined with time gating, provides a type of noise-blankmg which 
IS very effective in the presence of in band CW or barrage noise jamming [5] 
Besides having a large bandwidth, the power of the signal is also being spreaded 
over the large frequency range, causing the signal to almost disappear among noise Since 
the transmitted signals are at noise level, a well-designed ultra wideband system should 
not be interfering with the transmission of the other narrowband signals and thus can co-
exist with the current narrowband technologies In addition, working in noise level 
enables transmission of the signals to be carried out m a highly secured condition Ultra 
wideband systems have low power requirements, meaning that UWB can be used in hand 
held and could just operate using low power batteries [6] 
As the spectral density of ultra wideband signals is very wide, there has always 
been a concern of it interfering with the existing wireless technologies That is why FCC 
came up with a set of regulations restricting the operations of devices utilizing ultra 
wideband technologies [7] It is observed that UWB transmissions are affected by 
multipath cancellation under geometries in which low grazing angles are encountered [6] 
FCC defines ultra wideband signals as signals having fractional bandwidth (ffBw) greater 
than 0 20 or has a bandwidth greater than or equal to 500 MHz [8] Here are some of the 
other terms FCC uses to define ultra wideband signals 
Fractional Bandwidth (ffsw) = ^^^"'-^'^ (2 i) 
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Figure 2.1 Spectrum of UWB waveform 
2.3 Modulation Techniques 
When information has to be sent to another person in a communication channel, the data 
has to be converted into a form suitable for transmission across a communication 
channel. This form of conversion is called modulation of the transmitted signal 
Modulation techniques commonly used for mono-pulse ultra-wide band can take the form 
of PPM (Pulse Position Modulation), PAM (Pulse Amplitude Modulation) or OOK (On-
Off Keying) [9]. 
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Figure 2.4 On Off Keying 
All those modulation techniques mentioned above would generate what is known as 
mono-phase ultra-wide band signals. There is another modulation technique which is 
more widely used and that is BPSK (Bi-Phase Shift Keying) [10]. 
Figure 2.5 Bi Phase Shift Keymg 
BPSK as shown in Figure 2.5 ultra-wide band signals are better than mono-phase signals 
as they can have more variations, and thus data can be sent as a higher rate Since more 
pulses can be sent in a given amount of time, much larger coding sequences can be added 
to the signal which enables the receiver to 'lock on' to the longer code. Higher level of 
PSK is also possible but as the level of modulation goes higher, no doubt the bandwidth 
occupancy will decrease, but the power required to have the same efficiency as BPSK 
will increase. Power efficiency is important in this report as the transceiver had to be 
made small and battery life should be as long as possible [9]. 
2.4 Ultra-Wide Band Concepts 
In this section, two different types of ultra-wide band signals will be introduced and 
discussed. The discussion will focus on the two ways of generating ultra-wideband 
signals, which are time modulated ultra-wide band signals (TM-UWB) and direct 
sequence ultra-wide signals (DS-UWB). The United State Federal Communication 
Commission (FCC) has officially endorsed Ultra Wide Band (UWB) technology for 
wireless application when implemented as impulse radio. This new technology may 
revolutionize the way we think in wireless technology by modulating data in time rather 
than in frequency domain [11]. 
2.4.1 Types of Ultra-Wide Band Signals 
At different stages of the ultra-wide band signal communication path, the waveform 
generated is different. The pulse before transmission by the antenna can be modeled as a 
Gaussian pulse [9] given by 
W(t) = (2.3) 
where W(t) is the Gaussian pulse, t = time, m = mean value and CT= standard deviation of 
the Gaussian distribution. Standard deviation a is related to pulse width of the pulse by 
Tp where o = Tp/lTt. 
Figure 2.6 Gaussian Pulse 
All graphs shown in Figure 2.6 are for m=0 except the purple graph which is plotted for 
m=-2. Antennas on the transmitter and receiver act as a difTerentiation operation on the 
signal, meaning that the signal at the receiving end will be of higher derivative order than 
the Gaussian pulse. Thus the pulse after the transmitting antenna and in the channel will 
be of the !• derivative of a Gaussian pulse and the signal after the receiving antenna will 
be a 2"* derivative of the Gaussian pulse [23]. There is an exception, and that is if the 
transmitting antenna is a loop antenna, the signal that is propagated through the channel 
is going to be of a 2°" derivative Gaussian pulse instead of 1' derivative. Gaussian mono 
pulse is shown in Figure 2.7 [7] and this waveform is drawn for m=0 and a = 0.079 nsec 
Figure 2.7 Transmitted waveform 
2.4.2 TM-UWB 
The technology developed by Time Domain Corporation is called Time Modulated UWB 
(TM-UWB). The TM-UWB transmitters emit ultra-short "Gaussian" monocycles with 
tightly controlled pulse to pulse intervals, commonly known as Pulse Repetition Interval 
(PRI). Typical pulse widths are between 0.2 & 1.5 nanoseconds and the PRI is in the 
range of 25-1000 nanoseconds. PRI is varied on a pulse by pulse basis in accordance with 
two components: an information signal and a channel code that is a pseudo-random noise 
(PN) sequence [12]. 
The TM-UWB receiver directly converts the received RF signal into a base band 
digital or analog output signal. A front end cross-correlator coherently converts the 
electromagnetic pulse train to a base band signal in one stage. There is no intermediate 
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frequency stage, greatly reducing complexity. A single bit of information is generally 
spread over multiple monocycles. The receiver coherently sums the proper number of 
pulses to recover the transmitted information. The most basic element of TM-UWB is the 
monocycle wavelet. Figure 2.7 shows an idealized monocycle wavelet represented by a 
Gaussian derivative in the time domain [7]. 
The monocycle center frequency and the bandwidth are completely dependent 
upon the monocycle's width. Actual on the air spectra are further shaped by the band pass 
and transient response characteristics of the transmitting antenna. Time coded time 
modulated systems use long sequences of monocycle wavelets for communications [7]. 
^ 
Figure 2.8 TM-UWB Waveform 
Data modulation and channelization are accomplished by varying the pulse-to-
pulse time intervals. Alternatively the data may be encoded by pulse polarity. If the 
pulses had been sent at a regular interval, the resulting spectrum would contain 
undesirable "comb lines" separated by the pulse repetition rate. The resulting peak power 
in the comb lines would undesirably limit the total transmit power as measured in any 1 
MHz bandwidth. Instead, to smooth the spectrum, make it more noise-like and provide 
for channelization, the monocycle pulses are time dithered using a pseudo noise (PN) 
sequence to place single pulses to within 3 pico-second accuracy within a time window 
equal to the inverse of the average pulse repetition rate. Figure 2.8[7] shows an 
illustration of a wavelet sequence, or "pulse train" that has been PN time coded and 
Figure 2.9[7] illustrates the resulting noise-like frequency domain characteristics of the 
time coded pulse sequence [7]. 
Pseudo-random (PR) codes are used to 'divide' time into time slots information is 
then put into these time slots. The pulses are randomly spaced in pseudo-random time 
11 
slots due to the pseudo-random codes. To encode the user data into the signal, a pulse 
immediately after the pseudorandom time slot is denoted to be a '0' in the data, or a pulse 
at time td after the pseudorandom time would be taken to be ' 1' in the data [7]. 
This method of generating ultra-wide signals is difficult due to the 
synchronization required. Synchronization of both the transmitter and receiver has to be 
very precise in order to receive signals correctly 
3 4 
FreqetTtcy (GHz) 
Figure 2.9 Spectrum of TM UWB Waveform 
2.4.3 Direct Sequence Phase Coded UWB (DSC-UWB) 
Ultra-wide band signals generated using DSC-UWB is just like direct spread spectrum 
signals. The concept is the same, a bit of data is spread by a maximum length sequence 
with a length of 31 chips, creating a spreading of the data by a factor of N, 
whereby// = 2"" - 1 , and m is the number of shift registers (length) needed to generate 
the pseudo random code [13]. 
Duty cycle of DS-UWB in DS-UWB is 100%. In DS-UWB pulse repetition 
interval equals the pulse width. The difference between TM-UWB and DS-UWB is that 
DSC-UWB transmits signals in pulses. A DSC-UWB signal has a duty cycle of 100% 
and it also has a fractional bandwidth greater than 0.2. A second method of generating 
useful signals having UWB spectra comprises a DSC-UWB approach, not unlike RF 
carrier-based CDMA radios. Wavelet pulse trains at duty cycles approaching that of a 
sine wave carrier are direct sequence modulated to spread the signal. A PN sequence 
provides spectrum spreading, channelization and modulation. The chipping rate is some 
fraction 1/N of the "carrier" center frequency. For illustration. Figure 2.10[7] shows the 
12 
approximate spectral envelope of a 2 GHz sine wave carrier that is direct sequence 
modulated by an infinitely long PN code for the cases N=l and N=3. Actual PN 
sequences are relatively short and the spectra contain more features. 
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Figure 2.10 Spectra of a DSC-UWB signals with N=l and N=3. 
Both signals in Figure 2.10[7] have the same power in a 1 MHz bandwidth at 2 GHz, but 
the N=l signal has the greater total power in the spectrum, thus total power and occupied 
bandwidth can be traded off subject to emissions limits [7]. 
2.5 Rules and Regulations 
Ultra wideband emissions are intentional but the technology is designed to work on levels 
meant for unintentional emitters. UWB emissions could potentially interfere with other 
wireless communication system such as GPS, as well as other systems using narrow 
band. Many factors such as, distance between devices, modulation technique and 
propagation loss in a channel affects how UWB interferes with other narrow band 
devices [6]. 
To prevent UWB devices from causing harmful interferences to other devices, 
FCC had came up with different technical standards and operating restrictions for three 
different classes of UWB devices based on their ability to cause interference. The three 
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classes are imaging systems, vehicular radar system and communications and 
measurements system Standards binding the various categories are as follow [6] 
2.5.1 Imaging System 
Under Part 15 of the FCC rules, GPRs and other imaging devices are subject to operation 
within certain frequency and power All imaging systems are subject to coordination with 
National Telecommunications and Information Administration (NTIA) through the FCC 
[6] 
2.5.2 Ground Penetrating Radars (GPRs) 
Devices for GPRs are to operate below 960 MHz or within the frequency range of 3 1 
GHz to 10 6 GHz GPRs must be operated on the surface or near the surface of the area 
where obtaining of images or detection of buried object is to be carried out with the 
energy from the device being intentionally directed towards the ground Operation is 
restricted to law enforcement, fire and rescue organization, scientific research 
institutions, commercial mining and construction companies [6] 
2.5.3 Wall Imaging Systems 
Devices for wall imaging system are to operate below 960 MHz or within the frequency 
range of 3 1 GHz to 10 6 GHz Wall imaging systems are designed to locate objects 
embedded within a 'wall' such as concrete structures, the side of a bridge or the wall of a 
mine Operation is restricted to law enforcement, fire and rescue organization, scientific 
research institutions, commercial mining and construction companies [6] 
2.5.4 Through Wall Imaging Systems 
Devices for through wall imaging system are to operate below 960 MHz or within the 
frequency range of 1 99 GHz to 10 6 GHz Through-wall imaging system is use to locate 
the position of a user or an object on the other side of a wall Operation is limited to law 
enforcement, fire and rescue organizations [6,2] 
14 
2.5.5 Surveillance Systems 
Devices for surveillance systems are to operate between 1 99 GHz to 10 6 GHz 
Surveillance systems technically are not imaging systems but will be treated so for 
regulatory purposes Surveillance system establishes a stationary RF field to detect 
intrusion of people or objects in the field Operation is limited to law enforcement, fire 
and rescue organizations, public utilities and industrial entities [6] 
2.5.6 Medical Systems 
Devices for medical systems are to operate between 3 1 GHz to 10 6 GHz Medical 
system may be used to see the mside of a person or an animal for medical purposes and 
operation of the device must be at the direction or under the supervision of a licensed 
health care practitioner [6] 
2.5.7 Vehicular Radar System 
Vehicular radar systems are allowed to work between 22 GHz to 29 GHz provided the 
frequency at which the highest radiated emission occurs at a frequency higher than 
24 075GHz On top of that, the antenna on the terrestrial transportation must be using 
directional antennas Safety features such as near collision avoidance, improved air bag 
deployment and suspension systems that respond better to different road conditions are 
possible as these devices are used to detect the location and movement of objects near a 
vehicle [6] Table 2 1 [24] to summarize the operating frequency ranges for different 
classes of UWB devices are as follows 
Table 2 1 Different devices classes and corresponding operating limits 
Class Application 
Imaging System (GPRs) 
Imaging System (Wall Imaging 
System) 
Imaging System (Through Wall 
Frequency Band for 
Operation at part IS Limit 
< 960 MHz or 1 99 GHz to 10 6 
GHz 
<960 MHz or 3 1 GHz to 10 6 
GHz 
<960 MHz or 1 99 GHz to 10 6 
User 
Limitation 
Yes 
Yes 
Yes 
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Imaging System) 
Imaging System (Surveillance 
Systems) 
Imaging System (Medical Systems) 
Vehicular Radar System 
Communication and Measurement 
Systems 
GHz 
199 GHz to 10 6 GHz 
3 1 GHztol0 6GHz 
22 GHz to 29 GHz 
3 1 to 10 6 GHz 
Yes 
Yes 
Yes 
Yes 
2.5.8 Communications and Measurement Systems 
Devices for communication and measurement system are to operate between 3 1 GHz to 
10 6GHz It applies to devices for high-speed home and business networking and its 
operation must be intended for indoor usage or hand held devices 
2.6 Applications of UWB 
2.6.1 Geo-positioning 
Current civilian systems using the Navstar based Global Positioning System (GPS) 
receivers can locate objects to within 100 meters horizontal and 300 meters vertical 
(Standard Positioning Service, according to the U S Coast Guard) Reception can be 
fogged by signal multipathing in situations such as "urban canyons" or improved to 
within I 5 meter or better by Differential GPS The tiny, precise pulses used in the UWB 
system can calculate the distances between reference points with a resolution of ±1 cm or 
better Precision positioning capabilities in the sub-centimeter resolution will allow an 
aircraft to monitor its position relative to the position of other aircraft and the ground, 
providing safety and redundancy over current systems TM-UWB would augment, rather 
than replace, GPS by providing precise relative positioning within the context of the 
geographic reference frame established by GPS Real-time data from positioning sensors, 
radar, and GPS will allow an instrument landing even under inclement weather [27] 
2.6.2 Security Access 
The combination of positioning and intrusion alarming allows configurable systems for 
controlled access of humans to aircraft or certain locations m airports, such as baggage 
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handling areas and food service trucks The network would comprise UWB transponders 
on moveable assets, and an array of fixed UWB transponders The location of each 
moveable unit would be determined by triangulating their positions within the mesh of 
fixed transponders UWB units could also be used as ground radar to ensure that 
untagged vehicles were located and monitored In such a manner, large site intrusion and 
imaging security systems become possible [27] 
2.6.3 Smart aerospace structures 
Because aerospace structures are flexed throughout their lives, fatigue prediction 
becomes a major life assurance issue A classic example is the long arc described by the 
wing tips of the B-52 structure during normal flight operations At present, the extent and 
amount of flexing can only be estimated for a structure TM UWB transponders 
embedded withm key points of structures could provide constant, real-time measurements 
without the need for wiring the entire structure with strain gauges or other instruments A 
handful of master units located at well-defined points could measure the distance to each 
other and then to slave units located across the aircraft This is enabled by the precise 
ranging capabilities of UWB units From this a living history of wing and fuselage 
flexure could be derived This would help in predicting fatigue and failure (eg, is the 
wing flexing a little more than it used to, and under lighter loads) Application of this 
technique during development could allow designers to improve designs to reduce loads 
and fatigue [27] 
2.6.4 Computational fluid dynamics 
Radio wavelengths that are refracted by air could be used to make tomographs of airflow 
over structures, either in the wind tunnel (predictive analyses) or in flight (refining 
analytical tools) Transceivers mside rocket engines also could provide visualization of 
fluid flow in combustion chambers If the gas is radio transparent, it can be seeded with 
very small quantities of reflective ions that would act as fluid tracers (akin to iodine 
tracers m medical applications) [27] 
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2.6.5 Military 
Much of the history of warfare focuses on battles won by the side that was more certain 
of the enemy's location and strength, or could communicate between field units and 
commanders TM-UWB offers tremendous potential to make the battlefield more 
dangerous for the other side Two aspects were presaged in the science fiction thriller, 
Aliens, when Space Marines were equipped with helmet-mounted TV cameras that 
relayed field images back to a command post, and with handheld motion sensors that 
tracked the approach of alien predators We aren't there yet, but Time Domain 
Corporation is developing the enabling technologies that could make this a reality in a 
few years [27] 
2.6.6 Urban Warfare 
The U S Department of Defense anticipates the wars of the ftiture increasingly will take 
the shape of small, intense conflicts with military personnel intermingled with civilian 
personnel within cities Department of Defense is investing in tactics and tools 
specifically for this field and to avoid the massive losses of life and assets such as Europe 
saw in World War II and even today in small ethnic conflicts The soldier of the future 
will be increasingly dependent on advanced electronics system to keep himself and his 
team alive as they face new threats in the battlefield In particular, soldiers will be 
equipped with laptop and palmtop computers and video systems that display data 
provided by unmanned aerial vehicles, command post databases, and comrades who are 
just around the comer Such systems will be useless without secure communications that 
cannot be jammed First and foremost, TM-UWB secure communications capabilities can 
provide a portable, flexible local area or wide area network that moves with the 
battlefield These easily set up wireless links for data and video transmission can give 
greater mobility to platoons and Tactical Operations Centers (TOC) High bandwidth 
wireless links allow real-time video transmission and remote control instrumentation 
from unmanned aenal vehicles (UAV) such as micro-aircraft for covert surveillance [27] 
Figure 2.11 Similar designs of the MiG-29B (top) and F-14 Tomcat (bottom) can fool 
even trained eyes at a distance 
2.6.7 Fire Control Radar 
Despite advances in long-range missile interceptors, pilots often must hold fire until a 
potential target is in visual range so they can confirm whether it is friend or foe or 
civilian noncombatant. Similarities m aircraft design - like the F-14 Tomcat, F-15 Eagle, 
and MiG-29, each having twin vertical stabilizers and twin engine nacelles around a 
center body -make this a challenge under the stress of combat. The fine resolution offered 
by TM-UWB offers the potential for radar imaging precise enough to distinguish specific 
features on aircraft/marine craft, bringing real-time intelligence to the battlefield. Not 
only would this identify enemy aircraft earlier in the game, it could also identify weapons 
loads and thus provide some hint of the aircraft's target or mission [27]. 
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2.6.8 Arms Inspection 
When imaging capabilities become available, TM-UWB intemal radar will be able to 
look through conventional structures and quickly determine whether a structure warrants 
detailed inspection Through-wall imaging would also be useful m searching for 
contraband that might be concealed inside double hulls of boats or bulk cargoes in law-
enforcement or political quarantine situations [27] 
2.6.9 Planetary exploration 
The through-wall imaging capability of TM-UWB would be of immense value to surface 
explorations of other worlds where it is impractical to set up extensive drilling networks 
TM-UWB imaging units could be installed on rovers of various sizes and provide images 
of the upper layers of soil as the craft move across a planet's surface This would be 
especially helpful in detecting variations in density and structure, and in locating possible 
sources of water or water ice in subsurface soil TM-UWB precision ranging capabilities 
would locate the most promising areas of thin ice for the drill unit to pen 
Comparisons of leading wireless technologies are made in Table 2 2 [8] 
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Table 2 2 Summary of some leading wireless technologies 
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Chapter 3: Target Localization 
3.1 Target Acquisition 
Localization of the target is all about time delays. When a signal propagates through 
space, it will take a certain amount of time for the signal to travel from the source to the 
destination. If the amount of time the signal took to travel from the source to the 
destination is known, the distance traveled could be found, as the speed at which 
electromagnetic waves travels through free space is 3x108 m/s. In order to locate a target 
in a limited space, there has to be four beacons to triangulate the coordinates as shown in 
Figure 3.1. 
Beacon 
(X1,Y1,Z1) 
Beacon 
(X3,Y3,Z3) 
Target 
(x,y,z) 
Beacon 
PC2,Y2,Z2) 
Beacon 
PC4,Y4,Z4) 
Figure 3.1 Target localization using four beacons 
Each beacon in the system has a fix set of coordinates and the coordinates of the roammg 
user tag will be varying. When the user returns a signal to the beacons, the base station 
will process the signals picked up by the beacons. The first signal to be picked up will be 
the reference signal, and the beacon that picks up the signal will be the reference beacon. 
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To find the coordinates of the user, the equations below have to be employed [15] In this 
example, beacon one will be taken to be the reference beacon. 
[(X2-X)' + {Y2-yf+{Z2-zf]'^ -[P^l-x)' + (Yl-y)'+(Zl-z)Y''=C. t2 (3.1) 
[(X3-xf + (Y3-yf+(Z3-zf]*'^ -[(XI-x)^ + (Yl-yf+(Zl-zf]''^-C. t3 (3 2) 
[(X4-xf + (Y4-y)^+(Z4-z)^]"^ -[(XI-x)^ + (Yl-y)^+(Zl-z)^]''^=C. t4 (3 3) 
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Figure 3.2 Time delay between received signals at beacon 
As shown in Figure 3.2 time delay t2 will be the delay experienced by the signal from 
beacon two with respect to the first detected signal and so on. When three different delays 
are found, the three simultaneous equations can be solved to find the user coordinates 
(x,y and z). 
Slight modifications had to be made to the original equation, as it is capable of 
finding the user in three dimensions. In the system, it is not necessary to find the third 
coordinate which is the height, as there will be a set of base station and beacons on every 
level. By modifying the above equations, the processing time required of the actual 
system can be cut down. 
Since only two coordinates are needed, the number of equations and delays 
required will be reduced to two. With beacon one still being the reference beacon, the 
new equations are shown below. 
[(X2-xf + (Y2-y)']''^ -[(Xl-x)' + (Yl-yf ]'''=C. t2 (3 4) 
[(X3-X)' + (Y3-yf ]''2 -[{X\-xf + (Yl-yf ]"'=C. t3 (3.5) 
By solving the simultaneous equations, coordinates of the desired user on the level can be 
found when the delays t2 and t3 are known. 
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3.2 U.W.B. Antenna 
In order to efficiently propagate a 3 nsec pulse, a UWB Antenna was designed and 
developed that had a bandwidth between 300 MHz to 2700 MHz. The design was 
developed by modifying the "rabbit ears" into "Mickey Mouse" ears [15], By extending 
the ears into a large circular arc instead of abruptly truncating them, this prevented the 
pulse from ringing back and forth within the aperture. The UWB Antenna, shown in 
Figure 3.3[16] was made by simply photo etching the "Mickey Mouse" pattern on one 
side of the copper-clad fiberglass board and etching the electromagnetically coupled, 
broadband micro strip feed on the opposite side of the board. This gave us ample 
bandwidth, however to obtain even greater bandwidth 18 MHz to 1 GHz, a more 
complex, multilayer strip line antenna can be designed [16] 
Figure 3.3 UWB Antenna 
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The advantage of Ultra Wide Band Localizer technology are [17]: 
1. Accurate Position. 
2. Low cost low power units. 
3. Minimal interference with other communications systems due to UWB 
technology and low energy. 
4. With their wide spectrum nature, the units are more tolerant to interference and 
multi path, and offer inherent privacy. 
5. UWB penetrates most substances, and can operate effectively in RF hostile 
environments. 
6. The network approach allows units to be great distances apart without requiring 
the power to directly reach that distance. 
3.3 Ground Reflected Pulses 
Propagation over a smooth earth involves a reflection from the ground. The relevant 
geometry is shown in Figure 3.4. The direct path and reflected path lengths D and R in 
terms of the antenna heights and the separation distance d are given by 
and 
D= [d'+(Hi-H2f ]• 
R=[d'+(Hi+H2)']''^ 
(3.6) 
(3.7) 
D 
• ' • 
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Figure 3.4 Geometry for two path propagation source 
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With reference to the geometry of Figure 5 4, the differential delay between the reflected 
ray path and the direct path over a plane earth can be written 
At=(R-D)/c (3 7) 
where c is the velocity of light 
The RMS delay spread is the most widely used parameter for describing the delay spread 
of a channel Typical values for the RMS delay spread for indoor channels have been 
reported to be between 19-47 nsec and mean values between 20-30 nsec for 5-30 m 
antenna separations were reported In addition, the multipath delay spread has been found 
to increase with increasing separation distance between the receiving and transmitting 
antennas [18] 
The RMS delay spread is related to the Multipath Intensity Profile in the sense 
that it represents the standard deviation of the Multipath Intensity Profile Therefore, if 
the form of the Muhipath Intensity Profile is known, then there should be a one-to-one 
relationship between the RMS delay spread and Multipath Intensity Profile [18] 
3.4 Target Localization Summary 
By using the original equations for detection of users in three dimensions, a new set of 
equations have been devised to suit the system The new equations will allow the 
coordinates of the desired user to be found on every level In the next chapter, a 
simulation of the transmitter will be created to simulate the actual transmitter of the 
system 
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Chapter 4: Existing Technologies in the 
Field of Localization 
4.1 Global Positioning System 
The Global Positioning System, usually called GPS, is the only fully-ftinctional satellite 
based navigation system. A constellation of twenty four GPS satellites broadcasts precise 
timing signals by radio, allowing any GPS receiver (abbreviated to GPSr) to accurately 
determine its location (longitude, latitude, and altitude) in any weather, day or night, 
anywhere on Earth. 
GPS has become a vital global utility, indispensable for modem navigation on 
land, sea, and air around the world, as well as an important tool for map-making and land 
surveying. GPS also provides an extremely precise time reference, required for 
telecommunications and some scientific research, including the study of earthquakes. 
GPS receivers can also gauge ahitude and speed with a very high degree of accuracy. 
The United States Department of Defense developed the system, officially named 
NAVSTAR GPS (Navigation Signal Timing and Ranging Global Positioning System), 
and launched the first experimental satellite in 1978. The satellite constellation is 
managed by the 50th Space Wing. Although the cost of maintaining the system is 
approximately US$400 million per year, including the replacement of aging satellites, 
GPS is available for free use in civilian applications. 
GPS is a "constellation" of 24 well-spaced satellites that orbit the Earth and make 
it possible for people with ground receivers to pinpoint their geographic location The 
location accuracy is anywhere fi-om 1 to 100 meters depending on the type of equipment 
used. The GPS is owned and operated by the U.S. Department of Defense, but is 
available for general use around the world [19]. 
The operation of GPS is as under: 
• 24 GPS satellites (21 active, 3 spare) are in orbit at 20,200 kilometers (12,600 
miles) above the Earth. The satellites are spaced so that from any point on Earth, 
at least four satellites will be above the horizon. 
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• Each satellite contains a computer, an atomic clock, and a radio With an 
understanding of its own orbit and the clock, the satellite continually broadcasts 
Its changing position and time (Once a day, each satellite checks its own sense of 
time and position with a ground station and makes any minor correction ) 
• On the ground, any GPS receiver contains a computer that calculates its own 
position by getting time signals from three of the four satellites, using a process 
called tnlateration (similar to tnangulation) The result is provided in the form of 
a geographic position - longitude and latitude - to, for most receivers, within 100 
meters 
• If the receiver is also equipped with a display screen that shows a map, the 
position can be shown on the map 
• If a fourth satellite can be received, the receiver/computer can figure out the 
altitude as well as the geographic position 
• If receiver is moving it may also be able to calculate speed and direction of travel 
• Some specialized GPS receivers can also store data for use in Geographic 
Information Systems (GIS) and map making 
4.2 Technical description of GPS 
GPS satellites broadcast three different types of data in the primary navigation signals 
The first is the almanac which sends coarse time information with second precision along 
with status information about the satellites The second is the ephemeris, which contains 
orbital information that allows the receiver to calculate the position of the satellite at any 
point in time These bits of data are folded into the 37,500 bit Navigation Message, or 
NM as shown in Figure 4 1 [19], which takes 12 5 minutes to send at 50 Hz 
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Figure 4.1 GPS broadcast signal 
The satellites also broadcast two forms of accurate clock information, the Coarse 
Acquisition code, or C/A, and the Precision code, or P-code. The former is normally used 
for most civilian navigation. It consists of a 1,023 bit long pseudo-random code broadcast 
at 1.023 MHz, repeating every millisecond. Each satellite sends a distinct C/A code, 
which allows them to be identified. The P-code is a similar code broadcast at 10.23 MHz, 
but it repeats only once per week. In normal operation, the so-called "anti-spoofing 
mode", the P code is first encrypted into the Y-code, or P(Y), which can only be 
decrypted by units with a valid decryption key. All three signals, NM, C/A and P(Y), are 
mixed together and sent on the primary radio channel, LI, at 1575.42 MHz. The P(Y) 
signal is also broadcast alone on the L2 channel, 1227.60 MHz. Several additional 
frequencies are used for unrelated purposes [19]. 
4.3 Calculating positions 
GPS allows receivers to accurately calculate their distance from the GPS satellites The 
receivers do this by measuring the time delay between when the satellite sent the signal 
and the local time when the signal was received. This delay, multiplied by the speed of 
light, gives the distance to that satellite. The receiver also calculates the position of the 
satellite based on information periodically sent in the same signal. By comparing the two, 
position and range, the receiver can discover its own location. 
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Figure 4.2 Pseudo range 
To calculate its position, a receiver first needs to know the precise time. To do this, it 
uses an internal crystal oscillator-based clock that is continually updated by the signals 
being sent in LI fi-om various satellites. At that point the receiver identifies the visible 
satellites by the distinct pattern in their C/A codes. It then looks up the ephemeris data for 
each satellite, which was captured fi-om the NM and stored in memory This data is used 
in a formula that calculates the precise location of the satellites at that point in time 
Finally the receiver must calculate the time delay to each satellite. To do this, it 
produces an identical C/A sequence from a known seed number. The time delay is 
calculated by increasingly delaying the local signal and comparing it to the one received 
from the satellite; at some point the two signals will match up, and that delay is the time 
needed for the signal to reach the receiver. The delay is generally between 65 and 85 
milliseconds. The distance to that satellite can then be calculated directly, the so-called 
pseudo range as shown in Figure 4.2 [19]. 
The receiver now has two key pieces of information: an accurate estimate of the 
position of the satellite, and an accurate measurement of the distance to that satellite This 
tells the receiver that it lies on the surface of an imaginary sphere whose radius is that 
distance. To calculate the precise position, at least four such measurements are taken 
simultaneously. This places the receiver at the intersection of the four imaginary spheres 
Since the C/A pattern repeats every millisecond, it can only be used to place the user 
within 300 kilometers (180 mi). Thus the multiple measurements are also needed to 
determine whether the receiver has lined up its internal C/A code properly, or is "one 
off'. 
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The calculation of the position of the satellite, and thus the time delay and range 
to It, all depend on the accuracy of the local clock The satellites themselves are equipped 
with extremely accurate atomic clocks, but this is not economically feasible for a 
receiver Instead, the system takes redundant measurements to re-capture the correct 
clock information 
To understand how this works, consider a local clock that is off by 0 1 
microseconds, or about 30 meters (100 ft) when converted to distance When the position 
is calculated using this clock, the range measurements to each of the satellites will read 
30 meters too long In this case the four spheres will not overlap at a point, instead each 
sphere will intersect at a different point, resulting in several potential positions about 30 
meters apart The receiver then uses a mathematical technique to calculate the clock error 
that would produce this offset, in this case 01 microseconds, adjusts the range 
measurements by this amount, and then updates the internal clock to make it more 
accurate 
This technique can be applied with any four satellites Commercial receivers 
therefore attempt to "tune in" to as many satellites as possible, and repeatedly make this 
correction In doing so, clock errors can be reduced almost to zero In practice, anywhere 
from six to ten measurements are taken in order to round out errors, and civilian receivers 
generally have 10 to 12 channels in total 
Calculating a position with the P(Y) signal is generally similar in concept, 
assuming one can decrypt it The encryption is essentially a safety mechanism, if a signal 
can be successfully decrypted, it is reasonable to assume it is a real signal being sent by a 
GPS satellite In companson, civil receivers are highly vulnerable to spoofing since a set 
of navigationally consistent C/A signals can be generated using readily available off the 
shelf signal generators Even if the victim receiver incorporates RAIM features it will still 
"buy In' to the spoofing signals since RAM only checks to make sure the signals make 
sense from a navigational perspective [19] 
4.4 Error in Finding out Range 
4.4.1 Error due to Atmospheric effects 
One of the biggest problems for GPS accuracy is that changing atmospheric conditions 
change the speed of the GPS signals unpredictably as they pass through the ionosphere 
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The effect is minimized when the satellite is directly overhead and becomes greater 
toward the horizon, since the satellite signals must travel through the greater "thickness" 
of the ionosphere as the angle increases. Once the receiver's rough location is known, an 
intemal mathematical model can be used to estimate and correct for the error. 
Because ionospheric delay affects the speed of radio waves differently based on 
their frequencies, the second frequency band (L2) can be used to help eliminate this type 
of error. Some military and expensive survey-grade civilian receivers can compare the 
difference between the P(Y) signal carried in the LI and L2 frequencies to measure 
atmospheric delay and apply precise corrections. This correction can be applied even 
without decrypting the P(Y) signal, as long as the encryption key is the same on both 
channels. In order to make this easier, the U.S. Government has added a new civilian 
signal on L2, called L2C, starting with the Block IIR-M satellites. The first Block IIR-M 
was launched in 2005. It allows a direct comparison of the LI and L2 signals for 
ionospheric correction. 
The effects of the ionosphere are generally slow-moving and can easily be 
fracked. The effects for any particular geographical area can be easily calculated by 
comparing the GPS-measured position to a known surveyed location. This correction, 
say, "10 meters to the east" is also valid for other receivers in the same general location. 
Several systems send this information over radio or other links to the receivers, allowing 
them to make better corrections than a comparison of LI and L2 alone could. 
The amount of humidity in the air also has a delaying effect on the signal, 
resulting in errors similar to those generated in the ionosphere but located much closer to 
the ground in the troposphere. The areas affected by these problems tend to be smaller in 
area and faster moving than the billows in the ionosphere, making accurate correction for 
these effects more difficult [19]. 
4.4.2 Error due to Multi path effects 
GPS signals can also be affected by multi path issues, where the radio signals reflect off 
surrounding terrain; buildings, canyon walls, hard ground, etc. This delay in reaching the 
receiver causes inaccuracy. A variety of receiver techniques, most notably narrow 
correlator spacing, have been developed to mitigate multi path errors. For long delay 
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multi path, the receiver itself can recognize the wayward signal and discard it To address 
shorter delay multi path from the signal reflecting off the ground, specialized antennas 
may be used This form of multi path is harder to filter out since it is only slightly 
delayed as compared to the direct signal, causing effects almost indistinguishable from 
routine fluctuations in atmospheric delay [19] 
Multi path effects are much less severe in dynamic applications such as cars and 
planes When the GPS antenna is moving, the false solutions using reflected signals 
quickly fail to converge and only the direct signals result in stable solutions 
4.4.3 Error due to Ephemeris apd clock 
The navigation message from a satellite is sent out only every 12 5 minutes In reality, the 
data contained in these messages tends to be "out of date" by an even larger amount 
Consider the case when a GPS satellite is boosted back into a proper orbit, for some time 
following the maneuver, the receiver's calculation of the satellite's position will be 
incorrect until it receives another ephemeris update Additionally, the amount of accuracy 
sent in the ephemeris is limited by the bandwidth, using the data from the satellites alone 
limits Its accuracy [19] 
Further, while it is true that the onboard clocks are extremely accurate, they do 
suffer from clock drift This problem tends to be very small, but may add up to 2 meters 
(6 ft) of inaccuracy These sorts of errors are even more "stable" than ionospheric 
problems and tend to change on the order of days or weeks, as opposed to minutes This 
makes correcting for these errors fairly simple by sending out a more accurate almanac 
on a separate channel 
4.5 Differential GPS 
Differential Global Positioning System (DGPS) is an enhancement to Global Positioning 
System that uses a network of fixed ground based reference stations to broadcast the 
difference between the positions indicated by the satellite systems and the known fixed 
positions These stations broadcast the difference between the measured satellite pseudo 
ranges and actual (internally computed) pseudo ranges, and receiver stations may correct 
their pseudo ranges by the same amount 
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The term can refer both to the generahzed technique, as well as specific 
implementations using it For instance, the FAA's WAAS system uses differential 
techniques to improve accuracy, broadcasting the corrections via L band satellite 
transmissions Other examples of similar systems include the European Geostationary 
Navigation Overlay Service, Japan's Muhi-Functional Satellite Augmentation System, 
Canada's CDGPS and the commercial VERIPOS, Star Fire and Omni STAR systems 
The term is also often used to refer specifically to systems that re-broadcast the 
corrections from ground-based transmitters of shorter range For instance, the United 
States Coast Guard runs one such system in the US and Canada on the long wave radio 
frequencies between 285 kHz and 325 kHz These frequencies are commonly used for 
manne radio, and are broadcast near major waterways and harbors Australia runs a 
similar service for land and air navigation, broadcasting their signal on commercial AM 
radio stations 
When GPS was first being put into service, the military was concerned about the 
possibility of enemy forces using the globally-available GPS signals to guide their own 
weapon systems To avoid this, the main "coarse acquisition" signal (C/A) was 
deliberately degraded by offsetting its clock signal by a random amount, equivalent to 
about 100 meters of distance More accurate guidance was possible, but only for users 
that had the proper decryption keys Known as "Selective Availability" or SA for short, 
the system seriously degraded the usefiilness of the GPS signal for non-mihtary users 
This presented a problem for civilian agencies that currently operated various radio 
navigation systems such as LORAN for maritime use, or the VOR and NDB systems 
used for air navigation These systems cost millions of dollars a year to operate, and 
could be replaced for little cost (to them) with GPS-based systems However, the 
accuracy offered with SA turned on was simply too poor to make this realistic The 
simplest solution to the problem would be to simply turn SA off, but requests from 
various agencies (notably the FAA, USCG and DOT) were rejected by the military for 
security reasons 
Through the early to mid 1980s, a number of agencies developed a solution to the 
SA "problem" Since the SA signal was changed slowly, the effect of its offset on 
positioning was relatively fixed - that is, if the offset was "100 meters to the east", that 
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offset would be tnie over a relatively wide area This suggested that broadcasting this 
offset to local GPS receivers could eliminate the effects of SA, resulting in measurements 
closer to GPS's theoretical performance, around 15 meters Additionally, another major 
source of errors in a GPS fix is due to transmission delays in the ionosphere, which could 
also be measured and corrected for in the broadcast This offered an improvement to 
about 5 meters accuracy, more than enough for most civilian needs 
The US Coast Guard was one of the more aggressive proponents of the DGPS 
system, experimenting with the system on an ever-wider basis through the late 1980s and 
early 1990s These signals are broadcast on marine long wave frequencies, which could 
be received on existing radiotelephones and fed into suitably equipped GPS receivers 
Almost all major GPS vendors offered units with DGPS inputs, not only for the USCG 
signals, but also aviation units on either VHP or commercial AM radio bands 
They started sending out "production quality" DGPS signals on a limited basis in 
1996, and rapidly expanded the network to cover most US ports of call, as well as the 
Saint Lawrence Seaway in partnership with the Canadian Coast Guard Plans were put 
into place to expand the system across the US, but this would not be easy The quality of 
the DGPS corrections generally fell with distance, and most large transmitters capable of 
covering large areas tend to cluster near cities This meant that lower-population areas, 
notably in the Midwest and Alaska, would have little coverage by ground-based GPS 
Instead, the FAA (and others) started studies for broadcasting the signals across 
the entire hemisphere from communications satellites in geostationary orbit This has led 
to the Wide Area Augmentation System (WAAS) and similar systems, although these are 
generally not referred to as DGPS, or altemately, "wide-area DGPS" WAAS offers 
accuracy similar to the USCG ground-based DGPS networks, and there has been some 
argument that the latter will be turned off as WAAS becomes fully operational 
By the mid-1990s it was clear that the SA system was no longer useful in its 
intended role DGPS would render it ineffective over the US, precisely where it was 
considered most needed Additionally, experience during the Gulf War demonstrated that 
the widespread use of civilian receivers by military users meant that SA was ostensibly 
"hurting" Its own troops more than if it were turned off After many years of pressure, the 
GPS operators agreed to turn off SA forever in 2000 
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Nevertheless, by this point DGPS had evolved into a system for providing more 
accuracy than even a non-SA GPS signal could provide on its own There are several 
other sources of error that share the same characteristics as SA in that they are the same 
over large areas and for "reasonable" amounts of time These include the ionospheric 
effects mentioned earlier, as well as errors in the satellite position ephemeris data and 
clock drift on the satellites Depending on the amount of data being sent in the DGPS 
correction signal, correcting for these effects can reduce the error significantly, the best 
implementations offering accuracies of fewer than 10 cm 
In addition to continued deployments of the USCG and FAA sponsored systems, 
a number of vendors have created commercial DGPS services, selling their signal (or 
receivers for it) to users that require better accuracy than the nominal 15 meters GPS 
offers Almost all commercial GPS units, even hand-held units, now offer DGPS data 
inputs, and many also support WAAS directly To some degree, a form of DGPS is now a 
natural part of most GPS operations 
A reference station calculates differential corrections for its own location and 
time Users may be up to 200 nautical miles (370 km) from the station, however, and 
some of the compensated errors vary with space specifically, satellite ephemeris errors 
and those introduced by ionospheric and tropospheric distortions For this reason, the 
accuracy of DGPS decreases with distance from the reference station The problem can 
be aggravated if the user and the station lack "inter visibility"—when they are unable to 
see the same satellites 
4.6 Wide Area Augmentation System 
The Wide Area Augmentation System (WAAS) is an extremely accurate navigation 
system developed for civil aviation by the Federal Aviation Administration (FAA) in 
conjunction with the United States Department of Transportation (DOT) Its accuracy is 
less than 3 meters 95% of the time, and it provides integrity information equivalent to or 
better than receiver autonomous integrity monitonng (RAIM) This is achieved through 
25 ground stations throughout the US and Alaska which measures the difference between 
their surveyed location and the GPS signal These ground stations send the measured 
difference to a master relay station which sends the corrections to two geostationary 
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satellites at the same longitudes as the East and West coasts Those satellites beam the 
correction signal back to Earth, where WAAS-enabled GPS receivers apply the 
correction to their computed GPS position 
Before WAAS, the U S National Airspace System (NAS) did not have the ability 
to provide horizontal and vertical navigation for precision approaches for all users at all 
locations, as ground-based systems are quite expensive WAAS provides service for all 
classes of aircraft m all flight operations, including en route navigation, airport 
departures, and airport arrivals, including all-weather precision approaches throughout 
the NAS 
Europe and Asia are conducting parallel efforts by way of the European 
Geostationary Navigation Overlay Service (EGNOS) and the Japanese Multi-Functional 
Satellite Augmentation System (MSAS), respectively John Deere also operated a similar 
commercial service known as Star Fire The International Civil Aviation Organization 
(ICAO) calls this type of system a Satellite Based Augmentation System (SBAS) Long 
before WAAS was first commissioned in July of 2003, the U S Coast Guard developed a 
Mantime Differential GPS system (MDGPS) in the late 1980s as an aid to navigation m 
and around harbors The MDGPS was gradually fielded over the succeeding decade, and 
achieved 100% of planned coverage in 1999 While the two are similar in concept, DGPS 
is confined to the area m the vicinity of the DGPS transmitter, whereas WAAS covers 
most of North America [20] 
WAAS was jointly developed by the United States Department of Transportation 
(DOT) and the Federal Aviation Administration (FAA), beginning in 1995, to provide 
precision approach capability for all aircraft possessing the appropriately certified 
equipment Without WAAS, ionospheric disturbances, clock drift, and satellite orbit 
errors create too much error in the GPS signal for aircraft to perform a precision 
approach A "precision approach" includes altitude information, instead of simply course 
alignment information It provides course guidance, distance from the runway, and 
elevation information at all points along the approach, usually down to lower altitudes 
and weather minimums than non-precision approaches 
The traditional system for precision approaches is the instrument landmg system, 
which used a senes of radio transmitters each broadcasting a single signal to the aircraft 
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This complex series of radios needs to be installed at every runway end, some offsite 
along a line extended from the runway centerline, making the implementation of a 
precision approach both difficult and very expensive Additionally, it required redundant 
radios in every aircraft to receive the signals, although these radios generally were also 
used for voice communications and often required anyway 
For some time the FAA and NASA developed a much improved system, the 
microwave landing system (MLS) The entire MLS system for a particular approach was 
isolated in a single box (sometimes two) located beside the runway, dramatically 
reducing the cost of implementation MLS also offered a number of practical advantages 
that eased traffic considerations, both for aircraft and radio channels Unfortunately, MLS 
would also require every airport and aircraft to upgrade their equipment, and while this 
was taking place, ILS would have to be maintained as well Nevertheless the FAA was 
convinced this had to happen, and in the early 1990s was planning to turn off existing 
ILS systems in 2010 
Dunng the development of MLS, however, consumer GPS receivers of various 
quality started appeanng GPS offered a huge number of advantages to the pilot, 
combining all of an aircraft's long-distance navigation systems into a single easy-to-use 
system, often small enough to be hand held Deploying an aircraft navigation system 
based on GPS was largely a problem of developing new techniques and standards, as 
opposed to new equipment The FAA started planning to shut down their existing long-
distance systems (VOR and NDB) in favour of GPS This left the problem of approaches, 
however GPS is simply not accurate enough to replace ILS systems Typical accuracy is 
about 15 meters, whereas even a "CAT I" approach, the least demanding, requires a 
vertical accuracy of 4m [20] 
This inaccuracy in GPS is mostly due to large "billows" in the ionosphere, which 
slow the radio signal from the satellites by a random amount Since GPS relies on timing 
the signals to measure distances, this slowing of the signal makes the satellite appear 
farther away The billows move slowly, and can be characterized using a variety of 
methods from the ground, or by examining the GPS signals themselves By broadcasting 
this information to GPS receivers every minute or so, accuracy can be greatly improved 
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This led to the concept of Differential GPS, which used separate radio systems to 
broadcast the correction signal to receivers Aircraft could then install a receiver which 
would be plugged into the GPS unit, the signal being broadcast on a variety of 
frequencies for different users (FM radio for cars, long wave for ships, etc) 
Unfortunately broadcasters of the required power generally cluster around larger cities, 
making such DGPS systems less useful for wide-area navigation Additionally, most 
radio signals are either line-of-sight, or can be distorted by the ground, which made 
DGPS difficult to use as a precision approach system or when flying low for other 
reasons 
The FAA considered systems that could allow the same correction signals to be 
broadcast over a much wider area, leading directly to WAAS Since a GPS unit already 
consists of a satellite receiver, it made much more sense to send out the correction signals 
on these frequencies than to use an entirely separate system and thereby double the 
probability of failure Existing GPS satellites did not have any additional channels that 
could be used for this feature, so instead it was planned to add broadcasters to existing 
communications satellites In addition to lowering implementation costs by 
"piggybacking" on a planned launch, this also allowed the signal to be broadcast from 
geostationary orbit, which meant a small number of satellites could cover all of North 
America 
4.7 Operation of Wide Area Augmentation System 
WAAS has twenty-five Wide-area Reference Stations positioned throughout the United 
States which compare the GPS signal with known (surveyed) coordinates Future 
improvements to WAAS include integration of four new WRS sites in Alaska, five new 
WRS sites in Mexico, and four new WRS sites in Canada expanding Localizer 
Performance with Vertical Guidance (LPV) coverage These ground stations send their 
findings to one of three Wide-area Master Stations (WMS) using a land-based 
communications network 
The WMS divide the country into a grid and builds ionospheric correction 
information for each cell The WMS then broadcast a correction signal to the two WAAS 
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satellites covering the US, which in turn broadcast that correction signal on a per-satellite 
basis to each WAAS-enabled GPS receiver 
The original two geostationary satellites providing WAAS signals, POR (Pacific 
Ocean Region) and AOR-W (Atlantic Ocean Region-West), are both leased spaced on 
himarsat III satellites The lease on POR expires in Sept 2007 and AOR-W's lease will 
expire in Sept 2008 Two additional satellites were launched in late 2005, a Pan Am Sat 
Galaxy 15 at 133 degrees west, and a Telesat Anik / FIR at 107 degrees west They will 
be operational in late 2006 and early 2007 respectively 
The GPS receiver calculates which gnd it falls into using normal GPS 
calculations, and then applies the correction signal for that grid Data can be updated 
every minute if necessary Ephemens errors and ionosphere errors do not change this 
frequently, so they are only updated every two minutes and are considered valid for up to 
six minutes "Clock and ephemens data is specific to a satellite but ionospheric errors are 
specific to your location therefore they must be sent separately" 
The WMS also monitor the signal from the WAAS geostationary satellites, 
providing integrity information for them as well "Further, the WAAS system was 
designed to the strictest of safety standards - users are notified within six seconds of any 
issuance of hazardously misleading information that would cause an error in the GPS 
position estimate"[20] 
4.8 Benefits of Wide Area Augmentation System 
WAAS covers the entire navigation problem", providing highly accurate positioning that 
IS extremely easy to use, for the cost of a single receiver installed on the aircraft Ground-
and space-based infrastructure is relatively limited, and no on-airport system is needed 
WAAS allows a precision approach to be published for any airport, for the cost of 
developing the procedures and publishing the new approach plates This means that 
almost any airport can have a precision approach, the cost of implementation is 
dramatically reduced 
Additionally WAAS works just as well between airports This allows the aircraft 
to fly directly fi-om one airport to another, as opposed to following routes based on 
ground-based signals This can cut route distances considerably in some cases, saving 
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both time and fuel. In addition, because of its ability to provide information on the 
accuracy of each GPS satellite's information, aircraft equipped with WAAS are permitted 
to fly at lower en-route altitudes than was possible with ground-based systems, which 
were often blocked by terrain of varying elevation. This enables pilots to safely fly at 
lower altitudes, not having to rely on ground-based systems. For unpressurized aircraft, 
this conserves oxygen and enhances safety [20]. 
4.9 Local Area Augmentation System 
The Local Area Augmentation System (LAAS) is an all-weather aircraft landing 
system based on real-time differential correction of the GPS signal. Local reference 
receivers send data to a central location at the airport. This data is used to formulate a 
correction message, which is then transmitted to users via a VHF data link. A receiver on 
an aircraft uses this information to correct GPS signals, which then provides a standard 
ILS-style display to use while flying a precision approach. The Intemational Civil 
Aviation Organization (ICAO) calls this type of system a Ground Based Augmentation 
System (GBAS). 
LAAS is designed to correct some of the aviation-related problems of GPS. One 
problem is the lack of a real-time, rapid-response monitoring system. ILS systems have 
built-in monitoring equipment that will shut the system down if the monitor detects 
problems. Category I equipment will normally alert the user of the problem within six to 
ten seconds of an alarm. GPS has no such rapid-warning system. For example, if a 
satellite develops a clock problem, there is no way to rapidly warn the user not to use that 
satellite. WAAS, LAAS and other differential solutions fix this problem and provide GPS 
system integrity. Another problem is positional accuracy. Sources of error such as 
satellite clock drift or ionospheric delay can introduce several meters of error in an 
aircraft's position. These errors must be corrected in real time for a precision approach 
where there is little or no visibility. 
Ten Category I-capable LAAS systems were ordered from Honeywell in 2003 
According to the Federal Aviation Administration (FAA) fact sheet, four systems will be 
for testing and evaluation while the other six will be used at major airports in the US to 
duplicate existing approaches [21]. 
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4.10 Operation of Local Area Augmentation System 
Local reference receivers are located around an airport at precisely surveyed locations 
The signal received from the GPS constellation is compared to the surveyed location and 
sent to a central location at an airport This data is used to formulate a correction message 
which is transmitted to users via a VHF data link A receiver on the aircraft uses this 
information to correct the GPS signals it receives This information is used to create an 
ILS-type display for landing purposes 
LAAS is designed exclusively for aircraft and is only intended for use within 20 
to 30 miles of its installed airfield location Because LAAS is primarily for aircraft, there 
are no 'consumer-grade' LAAS-capable GPS receivers 
One of the pnmary benefits of LAAS is that a single installation at a major airport 
can be used for multiple precision approaches within the local area For example, if 
Chicago O'Hare has 12 runway ends each with a separate ILS, all 12 ILS facilities can be 
replaced with a single LAAS system This represents a significant cost savings in 
maintenance and upkeep of the existing ILS equipment 
Another benefit is the potential for approaches that are not straight m A GPS with 
LAAS capability can guide an aircraft on any approach necessary to avoid obstacles or to 
decrease noise levels in areas surrounding an airport The FAA also contends that only a 
single set of navigational equipment will be needed on an aircraft for both LAAS and 
WAAS capability This lowers initial cost and maintenance per aircraft since only one 
receiver is required instead of multiple receivers for NDB, DME, VOR, ELS, MLS and 
GPS The FAA hopes this will result in decreased cost to the airlines and passengers as 
well as general aviation [21 ] 
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Chapter 5: System Components for 
Localization of Target 
5.1 Introduction 
As stated in the objectives in Chapter 1, part of this thesis will be about designing an 
indoor localizing system that is able to locate a user amongst many others in a building 
using ultra wideband signals. This system is not only restricted to find the location of the 
user but may also be used to monitor the components or spare parts inside the premises of 
the industry. So this is very useful to co-ordinate between different departments of the 
industry to carry out assembly work properly. 
Using UWB pulse phase measurement, a pulse train of UWB pulses can be 
modulated with a pseudo random code to create a CDMA type system for wireless LAN 
applications and GPS-like 3-D positioning applications. Round-trip time is measured to 
determine distance between transceivers, using a cooperative handshaking scheme This 
technology has the advantage over GPS that a precise absolute time reference is not 
required (a lower stability quartz or MEMS oscillator is sufficient rather than a more 
expensive atomic time reference) [16]. 
Localizing could be achieved by putting a sensor at the entrance of every room, 
however this will lead to a greater complexity of the infra structure of the system. Ultra 
wideband has the obvious advantages over the rest of its rivals, therefore it is the obvious 
choice. Having an indoor localizing system with great accuracy is no longer a fantasy 
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5.2 System Design for Localization of Target 
System design has been devised for localization of target and their advantages and 
drawbacks will be analyzed during the discussions in the next section. The following 
terms that are described below will be used in this thesis 
1. Administrator: It instructs the Center beacon to find the location of the desired 
user. 
2. Center Beacon: This beacon is responsible for triangulation of the user and sends 
the location of the desired user to the administrator. It also sends the signal to 
detect the desired user. 
3. Tag: It is a label specifically used for the identification of the user. It can transmit 
signal back to the beacons. 
5.2.1 Methodology for Localization of Target 
Description: -
Four beacons in a single building. One out of the four beacons one is the 
center beacon. 
Operation: 
(1) Center beacon will transmit the signal to detect the desired user 
across all floors of the building. 
(2) Only the desired user will respond to the signal. The rest of the users 
will ignore the signal. 
(3) The desired user will send a signal back to the beacons. 
(4) The time duration that it takes for the signal to arrive at the beacons 
will be sent to the center beacon by the other three beacons. 
(5) The center beacon will do the triangulation of the location of the 
desired user. It will then relay this information back to the administrator. 
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Figure 5.1 Beacons layout for the building 
Advantages: -
Only four beacons are required for locating the position of the user. This 
will bring down the cost of the system. 
Disadvantages: -
The transmitting end will require larger amount of power in order for the 
transmitted signal to penetrate through floors to reach the receiving end. 
This will result in the tag having a shorter battery life span. 
5.3 System Specifications for Localization of Target 
The system specifications can be broken up into the following 5 components 
(1) General information 
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(2) Layout of beacons 
(3) Localization 
(4) Communication between beacon and tag 
(5) Hardware 
5.3.1 General Information 
Center frequencies of the UWB are typically between 650 MHz and 5GHz and maximum 
EIRP over entire band is 562 nW [27] Bandwidth is typically between 500 MHz to 7 5 
GHz [8] The following values for different parameters have been chosen in this thesis 
for obtaining the results The values are chosen considering the fact that power spectral 
density should not be more than -41 3 dBm/MHz and the bandwidth greater than 25% of 
the central frequency [7] 
• Dimensions of the building are set at 25m by 30m by 10m (Fig 5 1) 
• Center frequency is 2 4GHz 
• Bandwidth is 3 5 GHz 
• Transmitted power is 250nW 
5.3.2 Layout of Beacons 
• A building has four beacons Out of the four beacons one is the center beacon 
• Location of the beacon is as shown in Figure 5 1 
5.3.3 Localization of Target 
When a signal is transmitted, the received signal will experience delay from the time of 
transmission to the time of reception The center beacon will process the received signals 
to obtain the location of the user and send the user coordmates to the administrator 
Figure 5 2 shows how the beacons will transmit the signal to the users 
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Figure 5.2 Localization procedures 
Following points are important and should be noted 
• Beacons will have fixed coordinates and user will have varying coordinates. 
• Beacons will prompt for desired user. 
• Beacons will wait until the first signal from the desired user arrives. 
• When beacon receive signals, it will send them to the base station to triangulate 
the position of the user. 
• The first beacon to receive the signal will become the reference beacon 
• Center beacon will start to monitor the time taken for the rest of the signals from 
the other beacons to arrive. 
5.3.4 Interaction between Beacons and Tag 
The interaction between beacon and tag is described below: 
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• Center beacon will transmit a signal to desired user-A when it receives instruction 
from the administrator. 
• The user tags and all beacons will always be in listening mode. 
• User tags will detect the arrival of signal from center beacon. 
• Beacons will detect the arrival of signals from user-A. 
• The center beacon will collect the results from the other three beacons before 
triangulating the coordinates of the user. 
• It will then relay this information back to the administrator. 
5.3.5 Hardware 
In this thesis virtual transmitters and receivers are considered for the simulation of 
localization of target. If the system is to be implemented then the following main points 
are to be considered for hardware implementation: 
• Beacon will be using patch antenna while user tag will be using loop antenna. 
• User tags will be self-powered, while beacons will be drawing power from power 
points in the building. 
• User tag will need to be small and portable, as the user will carry it around. There 
is no restriction on the size of the beacon, though preferably small so that it is 
easy to relocate when the structure of the building changes. 
• For the four beacons, one of them will be a transceiver while the other three will 
be a receiver. 
5.4 Conclusion 
Simulation for localization of target is implemented in the chapter no 7 and the results are 
discussed in chapter 8. This simulation model will greatly benefit in the understanding 
the UWB system. 
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Chapter 6: Power Analysis of UWB 
6.1 Emission Limitations 
On top of the vanous frequency limits that various classes of ultra wideband devices had 
to adhere to, there are also various energy spectral density limits for the various classes 
In order to control harmful interference from UWB devices, appropriate emission limits 
must be established The current Part 15 rules are based on the equivalent of a power 
spectral density, ue., a field strength limit is specified along with a measurement 
bandwidth [6] These emission limits were chosen to protect various wireless 
technologies from interference The radiation limits below 1 GHz are based on 
measurements employing a quasi-peak detector that effectively provides an average 
reading with some weighting for peak signal levels The radiation emission limits for 
both intentional and unintentional radiators above 1 GHz are based on measurements 
using an average detector However, intentional radiators also are subject to a 
requirement that the total peak levels of emissions above 1 GHz must be no greater than 
20 dB above the average limits Higher peak levels could lead to an increased risk of 
interference to certain receivers For example, if the pulse repetition fi-equency of the 
UWB signal is much greater than the bandwidth of a receiver, the emission may appear to 
be random noise, the effect of which is proportional to the average power in the UWB 
signal within the receiver's bandwidth However, if the PRF is much less than the 
receiver's bandwidths, the UWB signal may appear to the receiver as impulsive noise and 
the effect would be proportional to the peak power of the UWB signal In addition, UWB 
devices spread their emissions over a wide bandwidth as compared to most current 
intentional and unintentional radiators As a result, receivers that use wide bandwidths are 
likely to receive more total energy from UWB devices than from most other existing Part 
15 devices [6] Figure 6 1 shows Emission Limits for UWB system [3] Figure 6 1 shows 
the EIRP (Effective Emitted Radiated Power) m each frequency band Figure 6 1 also 
shows that that EIRP is highest in 3 1 GHz to 10 6 GHz band and its value is -41 3 
dBm/MHz Part 15 limit permits the operation of authorized low power radio frequency 
(RF) devices without a license from the Commission or the need for frequency 
coordination The technical standards contained in Part 15 are designed to ensure that 
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there is a low probability that these unlicensed devices will cause harmful interference to 
other users of the radio spectrum. Part 15 intentional radiators, i.e., radio transmitters, are 
permitted to operate under a set of general emission limits or under provisions that allow 
higher emission levels in certain frequency bands. Part 15 intentional radiators generally 
are not permitted to operate in certain sensitive or safety-related frequency bands that are 
designated as restricted bands, or in the frequency bands allocated for television ("TV") 
broadcasting. 
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Figure 6.1 Emission Limits for UWB system 
The most prominent difference between UWB and narrow band channels is the frequency 
dependent power law which may be described by power law [9] Ultra-wideband (UWB) 
radio signals have characteristics that are different from Conventional radios. Of special 
interest is the ability to spread the transmission power over a sufficiently wide bandwidth 
to make the signal appear like a noise to a narrowband receiver, while still being able to 
transmit very high data rates over short distances. In this context "narrowband" may 
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actually UWB regulation recognizes the noise-like nature of the signal by requiring the 
use of the average (rms) detector feature of modem spectrum analyzers [22]. 
6.2 System Loss Budget 
The transmitter consists of only digital circuits so power amplifier is not required 
therefore the transmitter can be simplified. This means that power consumption of the 
transmitter can be reduced. The FCC has recently approved the use of Ultra Wide Band 
Technology, allowing deployment primarily in the frequency band from 3 1 GHz to 10 6 
GHz but also below 960 MHz for imaging applications, at power level similar to Part 15 
Hence pulse width is 2 nsec and the length of transmitting monopole antenna is 15 cm if 
frequency below 960 MHz band is used. Figure 6.2 shows a typical schematic of 
transmitter including an equivalent circuit of a monopole antenna [23]. 
-H>{^><>^-x 
15 cm 7n(KiitpoU 
Figure 6.2 Transmitter Schematic 
Pulse amplitude modulation is used for simplification. If Bi-phase modulation is used 
differential signals are needed and the DC level should be half of the supply voltage 
The received SNR of a UWB radio system can be written entirely in terms of the 
transmitter effective radiated power PT , the system data bandwidth BW, the UWB 
transmission center frequency / transmission distance d in meters, and system loss 
budget L,y,[18]. 
SNR = 1 OLog^PT) -1 OLog{BW) -1 OLog{kT) + P^ + L^^ (6 1) 
The system loss budget includes noise figure, implementation losses and ambient noise 
and interference. k=l .38x10-23 J/K is Boltzmann's constant and 7=290 K is the nominal 
noise temperature and PL is fi'ee space path loss between unity gain antennas, modified by 
buiWing obstruction losses [18]. 
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PL = 20Log(—-) - L„, {d - A)(t> for d>4 
Amf 
(6 2) 
Here, c is the velocity of light, in-building losses are modeled by a constant Lw dB per 
meter beyond 4 meters. The Heaviside function Si is defined as 
d= 1 if d>4 
=0 ifd<4 (6 3) 
Average building losses are Lw=0.1 dB/m 
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Figure 6.3 UWB System range as a function of System bandwidth 
Figure 6.3 shows the predicted data rate capability as a function of UWB radio link 
distances, for three UWB scenarios. The left most curve shows a near-worst case in-
building scenario for 120 microwatts transmitted power using wide band dipoles in a 
system with 6 dB implementation losses and providing 10 dB SNR The prediction is 
generally supported by our measurements The middle curve shows the same system 
without the building and wall losses [18]. 
The right-most curve models an outdoor case operating at 2.5 milliwatts 
transmitted power, with 6 dBi receiver antenna, 11 dB implementation losses, and 
providing a 20 dB SNR. The UWB pulses were in the sub-nanosecond range and the 
geometries of all the cases were such that the ground reflected pulse was delayed by more 
than the pulse duration, so ground reflection interference and multipath destructive 
effects were not a consideration [18]. 
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6.3 Power Calculations 
In section 6.1 and section 6.2 of this chapter a brief discussion on emission Umitation as 
per FCC guide line and system loss budget has been discussed. The power calculations 
for the system simulated in this thesis for the localization of target is discussed here in 
detail. The transmitted power is 250 ^W by the tag and the beacons The following 
parameters are already chosen in chapter 5 section 5.3.1. In order to find the theoretical 
received power, the power spectral density of the transmitted signal has to be less than 
the allowed ^ 1 . 3 dBm/MHz limit to ensure that the system complies with FCC 
regulations [12]. 
In the following section power spectral density is calculated and find out whether 
it is as per FCC guideline or not. Reference path loss is calculated and with the help of 
reference path loss received power is calculated. 
Center frequency fc= 2.4 GHz 
Bandwidth = 3.5 GHz = 3500 MHz 
Transmitted power Pt= 250 nW = -6.0205 dBm 
Power Spectral Density < -41.3 dBm/MHz 
Steps to be followed for the calculation of power spectral density and received power 
Step 1. Check whether transmitted power had exceeded allowed power spectral 
density (PSD) limit 
PSD = -6.0205 dBm-35.44 dB 
= -41.4605 dBm/MHz(Approved) 
Since the transmitted power has an energy spectral density less than the required level as 
decided by the FCC, the transmitted power level is permitted. 
The path loss within the building is found to obey the formula below [10]. 
P, {dB) = P, {d,) +1 OnLogi-^) +X, (6 16) 
do- is the reference distance of 1 m. 
d- is the longest required transmitted distance of 40 m. 
PL(do) is the path loss at the reference distance. 
n - Value depends on the surroundings and building type. 
X^~ represents a normal random variable in dB having a standard deviation of dB 
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The path loss equation uses a log-distance path loss model to find the amount of indoor 
path loss experienced by the transmitted signal. 
Step 2. Find reference path loss PL (d.) 
Reference path loss at 1 m can be found using the formulas below 
?L{do)dB = -lOLog 
X = c/f where X is the wavelength, 
f is the speed of light 3x10* 
fc is the center fi-equency 2.4GHz. 
>. =3x10^2.4x10^=0.125 m 
Therefore the reference path loss is: 
(4;r)" xd^ (6.17) 
?Udo)dB^-\OLog 0.125' (4;r) 'xl 
= 40.046 dB 
With the reference path loss found, the power at the receiving end can be found. As 
designed in system definition, there is a center beacon on every building and office 
partitions are assumed to be hard. From the building layout of Figure 5.1, the maximum 
distance the transmitted signal needed to travel in the building is 40m. 
Step 3. Total path loss (PL) at 40 m 
The typical value of n=3 and is JS!'a= 7 dB for hard partition within an office environment 
Therefore 
"40" 
PL (dB) = 40.6dB +1 Ox3Log 
1 
+ 7 
= 95.1078 dB 
With the transmitted power and total path loss found, the theoretical received power Pr 
can be calculated. 
Step 4. Received power (Pr) at 40 m 
Pr(dB) =Pt(dB)-PL(dB) 
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= --6.0205dBm-95.1078 dB 
=-101.1283 dBm 
Pr(W) =77.1205 pW 
The received power calculated is only theoretical value. Actual power received may vary 
as different materials have different densities. Apart from that, multi-paths of the 
transmitted signal will also affect the strength of the received signal. 
6.4 Power Analysis Summary 
The transmitted power is checked in step 1. It is observed that the power spectral density 
of the signal comply with FCC standards. The theoretical power received after passing 
through hard partitions in an office environment is found to be 77.1205 pW. 
^3^^'^ \ 
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Chapter 7: Simulation of UWB System and 
Target Localization 
7.1 Matlab and Simulink 
The simulation is done entirely using Simulink from Matlab 6.5. No doubt Simulink is a 
powerful simulator, but there are times where certain blocks required are not available or 
not compatible for use with this report. That is where the versatility of the program comes 
in. Simulink allows user to create new simulation blocks that are able to perform specific 
operations from using either MATLAB Function block or the S-Function block. The 
difference between them is that MATLAB Function block calls for MATLAB parser 
during each of its integration step. Thus S-fiinction as shown in Figure 7.1 block is 
preferred over MATLAB Function block as it is faster and more flexible. S-function 
blocks can be written in C, M-files, FORTRAN or Ada and they must conform to the 
BJork P.v.imc^tnr*: S-f tincrion 
• S'Functton 
User-definable bIcJck. Blocks mai5» b * written in M, C. FdttJan of Ada and 
Ttwst conform to S-fwucSfOnstarxJafcfs. t,KA( and f t ^ •ace aMtomaScally 
passed to the S-funotion by Simylink, '1Extfa'*pa«am0ter» may be 
specif ted in the "S-function paiameters' fietd. 
S-ft#itaio« «a»e; 
|gmonopul$e 
S-fijnctiort pafameters; 
OK Cancel Help ApP^y 
Figure 7.1 S function 
standard S-function format. After the necessary M-files are written, an S-function block 
is called from the Simulink library browser under the category user defined functions 
The S-function block is then renamed as the name of the saved M-file. For this report, all 
the programming to create S-function blocks is written using M-files, which are given in 
various appendices at the end of the dissertation. 
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7.2 Block Diagram of UWB Transmitter 
Gold Code 
Us^Data Sl>readiiig 
Figure 7 2 Block diagram of UWB transmitter 
The objective of this simulation is to provide the vanous operations involved and what 
are the expected outputs at the various stages of the transmitter Figure 7 2 shows the 
block diagram of UWB transmitter Because of the distance between transmitter and 
receiver there is time delay when the signal travels from transmitter to receiver through 
the channel Product of time delay and velocity of the signal gives the distance between 
transmitter and receiver This concept is utilized to localize the desired target 
7.3 Simulation of a single user link 
The report will cover the simulation of an ultra wideband transmitter This report will be 
looking at the simulation of the transmitter using DS-UWB technology User data will be 
sent to the spreading block to perform spreading of the user data with a pseudo random 
code The pulse generation block will get hold of the spreaded user data and modulate the 
data into a train of Gaussian mono-pulses using DS-UWB 
At the receiver side of the system, a template is used to correlate with the received 
data to determine whether the data received is for the intended user That is to say every 
user will have a unique template to check if the received data is meant for him If so, the 
simulation will proceed to obtam the amount of delay, expenenced by the received signal 
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with respect to the transmitted signal The simulation of the system is not comprehensive, 
however as some factors have not been taking into consideration due to time constraint of 
the report These factors are, assuming the same height of all the transmitters, uniform 
relative permittivity with in the building 
7.4 Simulink Block Descriptions of UWB Transmitter 
This section of the report will cover the descnptions and how each of the Simulink blocks 
work The descriptions will be broken down into four parts, namely the spreading of user 
code, timing block, Gaussian monopulse generation and the delay timing generation 
Each block is discussed separately in section 7 4 1 , 74 2, 7 4 3 and 7 4 4 respectively 
Figure 7 3 shows the block diagram of UWB transmitter and the description of each 
blocks are given below 
Block 1 This block will generate user data for simulation The output user data will be a 
1x4 row vector 
Block 2 This block will display the numerical values of the inputs 
Block 3 This block is responsible for generating the Gold Code sequence of 1023 bits as 
output 
Block 4 This block will display the numencah values from the output of block 3 There 
should be 1023 elements, but for demonstration purpose, only part of the Gold Code is 
shown 
Block 5 This block will perform the exclusive-or operation using outputs of block 1 and 
block 3 as inputs to this block The output of the block will be the spreaded user code 
This block IS discussed in detail in section 7 4 1 
Block 6 This block will display the numerical values from the output of block 5 There 
should be 4092 elements, but for demonstration purpose, only part of the spreaded user 
data is shown in Figure 7 3 
Block 7 This block will generate timing for the 4092 bits the next stage will require The 
output of this block will have an array size of 8184 This block is discussed in detail in 
section 7 4 2 
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Figure 7.3 Block Diagram of UWB transmitter 
Block 8 This block will send the 8184 elements of data to the workspace This data will 
be used as the input for the next stage, which is going to be the Gaussian mono-pulse 
generation. This block is discussed in detail in section 7 4.3. 
7.4.1 Exor Block 
Prior to doing the exclusive-OR operation, the input data must first be altered to a 
suitable format. Since all operations are completed in a frame, the input to an S-function 
block has to be a row vector. Figure 7.4 shows the block diagram of Exor block and the 
description of each of its sub blocks are given below 
Block 5-1 • This block will perform a transpose operation on the input to the block When 
the user code of array size 4xlis passed through the transpose block 5-1, the output of the 
block will be a 1 x4 user code. 
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Block 5-2: This block will perform a transpose operation on the input to the block. When 
the Gold Code of array size 1023x1 is passed through the transpose block 5-2, the output 
of the block will be a 1x1023 Gold Code, 
Block 5-3: This block will place the two inputs one after another horizontally to form a 
single row vector. In this case, the first 4 elements will be the user data and the last 1023 
elements will come fi'om the Gold Code sequence. The output of the block has an array 
size of 1x1027. 
Block 5-4: This block will perform the actual exclusive-or operation. When the mput 
arrives at block 5-4, the block will first separate the user data from the Gold Code. After 
the data are separated, every bit of the user data is then 'stretched' to become 1023 bits 
Exclusive-OR operation will be performed using the stretched user code and Gold Code 
sequence as input of the operation. The output will then have an array size of 4092x1 
The program for this S-Function block is written in Matlab given in appendix (A). 
Data 
Spreaded Data 
Gold ooo« 
5-2 
Figure 7.4 Exor Block 
Vector 
Scope 
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7.4.2 Timing block 
Simulation block 7 will provide the timing necessary for next stage and the generated 
timing will be combined with the spreaded user data. Figure 7 5 shows the block diagram 
of timing block and the description of each its sub block are given below 
Block 7-1 This block will be generating the time required of a frame at the Gaussian 
Mono-pulse stage. The output timing has an array size of 4092x1 The program for this 
S-Function block is written in Matlab given in appendices (B) 
Block 7-2 This block will display the generated timing from the output of block 7-1 
Block 7-3: This block will display the spreaded user data that is being sent as the 
input of block 7. 
Block 7-4: This block will place the two inputs one after another vertically to form a 
single row vector. In this case, the column will consist of the generated timings and the 
spreaded user data. The output of this block has an array size of 8184. 
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7-1 
7-2 
' Inl out i 
Include Timing 
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5 e33e-00Sl 
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9 333e-00S| 
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ie ooe I 
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\ 7-3 
Display 1 
Figure 7 5 Timing block 
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7.4.3 Gaussian pulse Generation 
Outi 
Figure 7 6 Gaussian pulse generation 
At this stage of simulation, the waveforms are generated in frames, with each frame 
consisting of a single Gaussian Mono-pulse Figure 7 6 shows the block diagram of 
Gaussian pulse generation and the description of each its sub block are given below 
Block 8-1 This block will obtain the input data from block 7 to generate Gaussian mono-
pulses When all the data from block 8-1 is computed, the output will be the eventually be 
an array of size 4092x60 The program for this S- Function block is written in Matlab 
given in appendices (C) 
Block 8-2: This block will display output simulated Gaussian monopulse 
7.4.4 Delay Timing Generation 
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Figure 7 7 Simulation to generate delay between transmitter and receiver 
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The purpose of having this block is to generate the delay timings that the transmitted 
signals will sustain over a certain distance in the simulation environment 
Block 9: This block will enable the user to choose the desired distance between the 
transmitter and receiver. The distance is selected by changing the value of the constant in 
the block. The value of the distance apart is in meters. 
Block 10: This block will acquire the value entered at block 15 to generate the 
corresponding delay timing experienced by the signal. The generated delay will have an 
array size of 1x240. The program for this S-Function block is written in Matlab given in 
appendices (D). 
Block 11: This block v^ll display the generated delay timings. 
Block 12: This output will be sent to workspace so it could be acquired by the following 
stage for processing. 
7.5 Program Description for localization of target 
The whole program comprises of two parts 
1. Generation of Gaussian monopulse transmitter using simulink and Matlab. Program in 
appendices (A), (B), (C) and (D) belongs to this part. 
2. Use the existing function in Matlab for generation of Gaussian monopulse and use the 
same Gaussian mono pulse for localization of target. Program in appendices (E) belongs 
to this part. 
Gaussian mono pulse of center frequency 2.4 GHz is generated with the help of the 
flinction "gmonopuls('cutoflf,fc)" given in appendices (E). Unmodulated monocycle 
pulse train (a polycycle) in the time domain is simulated using gpolycycle mat given in 
appendices (E). Pulse train of Gaussian mono pulse with a spacing of 7.5 nsec is formed 
These pulses are used to localize the target. All beacons will transmit the signal to detect 
the desired user across all floors of the building. Only the desired user will respond to the 
signal. The rest of the users will ignore the signal. So total to and fro time is calculated 
for a particular beacon, say beacon 1. The time duration that it takes for the signal to 
arrive at the beacons will be sent to the base station by the other four beacons The time 
delay for beacon 1 multiplied by velocity of UWB waves gives twice the range (2R) at 
which desired user is located. Hence desired user is located on the sphere of radius R 
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with center at the beacon 1 The same process is repeated for other beacons Intersection 
of two spheres gives circle So three beacons are required to find the location of the 
object in 2 D and four beacons are required to find the location of an object in 3 D The 
results related to the program will be described in chapter no 8 The receiver used in this 
case is just a detector For the proper functioning of the receiver received power should 
be greater then the threshold value 
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Chapter 8: Results 
8.1 Data Acquisition and Spreading 
By using long spreading sequence, the system is able to achieve high processing gain 
against narrow band interferences When the user data is spreaded, the amount of noise 
being received at the receiver end will be reduced by a factor of N, where N is the period 
of the pseudo random code N is related to the number of shift registers (m) by the 
following equation [13] 
N = 2'^ -l (8 1) 
The Gold Code polynomial that generates the pseudo random code has to be chosen 
carefiilly to ensure orthorgonality between users so that interferences between users are 
kept at a minimum [15] Once the Gold Code polynomial is decided, the generated 
pseudo random sequence of 1023 bits will be used to spread the user data In order to 
combine the two signals together, an XOR operation is being performed with the user 
data and Gold Code as the input of the XOR block Unlike modulating a signal with a 
earner, a muhiplication operation cannot be used due to the fact that a single user bit is 
being spreaded with 1023 bits Gold Codes at a time 
If the two inputs are of the same polarity, the output of the XOR block will be a 
'0', whereas if the two inputs are different from each other, the output of the block will 
be a ' 1' When the XOR operations have been performed on all the user codes, the output 
of the block will be a 4092 bits spreaded user data 
8.2 Gaussian Monopulse Generation 
The spreaded user data will be sent to the next stage for generation of Gaussian mono-
pulses w(t) [8] 
, ( ^ - w ) \ 
w(t) ={t-m) ^ (8 2) 
crv2;r 
t=time 
m=mean value 
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(7= Standard deviation of the Gaussian distribution 
Standard deviation a is related to pulse width of the pulse by Tp where c = Tp/27r. 
UWB signals are produced by pulsed emissions, where a very wide RP bandwidth is 
related to a narrow pulse width Unlike many conventional radio transmitters in which a 
modulated signal is up converted & amplified, in UWB systems information is encoded 
in the series of baseband pulses and transmitted without a carrier Hence, the transmitters 
require precise pulse shaping to produce the required spectrum and maximize the 
antenna's emission. Producing emissions with flat & wide PSDs requires extremely 
accurate pulse designs. Although most UWB developments are still in the laboratory due 
to regulatory issues, already some pioneering work has been undertaken by a number of 
companies. Common approaches include using avalanche transistors, tunnel diodes, 
mercury switches and other exotic devices 
The technology developed by Time Domain Corporation is called Time 
Modulated UWB (TM-UWB). The TM-UWB transmitters emit ultra-short "Gaussian" 
monocycles with tightly controlled pulse to pulse intervals, commonly known as Pulse 
Repetition Interval (PRI). Typical pulse widths are between 0.2 & 1,5 nanoseconds and 
the PRI is in the range of 25-1000 nanoseconds PRI is varied on a pulse by pulse basis in 
accordance with two components: an information signal and a channel code that is a 
pseudo-random noise (PN) sequence. 
4 9 i' 
Tims in-vea ^ir" 
Figure 8.1 Gaussian Monopulse Waveform 
Functions, gmonopuls.mat has been written in the Matlab to facilitate the study of UWB 
signals and systems. Figure 8.1 is simulated using gmonopuls.mat given in appendix (E) 
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Gaussian mono pulse in Figure 8.1 is generated for the values of m=0 and a= 0 0652 
nsec. The UWB monocycle is a wide bandwidth signal, with the centre frequency and the 
bandwidth completely dependent upon the monocycle's width. 
yw8 c#i»ssfenmo«ei»(se-fftt!» frsciiisftcj tmmt 
Figure 8.2 Gaussian Monopulse Waveform in Frequency Domam 
The centre frequency (fc) of a monocycle is the reciprocal of the monocycle's duration, fc 
X 1/ T. Thus, for the 0.41 ns monocycle shown in Figure 8.1, the centre frequency is 
2.4GHz. Figure 8.2 is simulated by plotting absolute value of the function 
gmonopuls.mat with respect to FFT of the function gmonopuls.mat. Gaussian 
monopulse of Figure 8.1 is observed in frequency domain and its spectrum is shown in 
Figure 8.2. 
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Figure 8.3 Transmitted Waveform 
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In Figure 8.3 shows unmodulated monocycle pulse train (a poly cycle) in the Time 
domains, simulated using gpolycyclcmat given at appendices (E). UWB systems use 
long sequences of monocycles for communications, not single monocycles. It can be 
observed in the Frequency domain that this highly regular monocycle pulse trams 
produces energy spikes as "comb lines" at regular intervals. The already low power 
spectral density is spread further among the comb lines, reducing the peaks in the PSD 
Of course, a simple monocycle pulse train does not carry information and fiirther, given 
the regularity of the energy spikes, might interfere with conventional radio systems 
8.3 Delay Time Generation 
In real life, the receiver is able to detect the delay the received signal experienced by 
precise synchronization of the beacon with the user tags. In simulation environment, the 
delay required would have to be manually generated to mimic the actual delay the 
receiver experiences. The delay required for the simulation is determined from the 
equation below. 
(8.5) Delay{s) 
d is the distance in m. 
c is the speed of light 3x10* 
From block 9 of figure 7.7(Chapter 7), the distance between the receiver and the 
transmitter can be altered and the amount of delay required will be obtained. The delay 
will be stored in workspace and the receiver can call upon the values of the delay timings 
when required. The receiving end will make use of the timings to perform correlation 
between the received signal and predefined waveform template. 
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8.4 Results 
P-stti bsastdfefent f8(^es 
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Figure 8.4 Path loss at various distances from the transmitter 
Some parameters are required to be input from the command window. These parameters 
are relative permittivity, value of n which depends upon the surrounding, temperature of 
the surrounding medium. Results in Figure 8.4, Figure 8.5, and Figure 8.6 are obtained 
for the following parameters values. 
Results are obtained for 
Relative permittivity =1 
Value of n =1 
Temperature of the medium = 290 K 
Equation 6.16 of chapter 6, for path loss in the channel is implemented and path loss at 
various distances from the transmitter is as shown in Figure 8.4. Figure 8.4 and Figure 
8.5 are the out come the program at appendices (E) when the above mentioned 
parameters are input through the command window. The graph plotted in Figure 8 4 and 
Figure 8.5 will vary if the values of any of the above mention parameters changes It is 
very clearly visible from the Figure 8.5 that S/N ratio decreases as the distance from the 
transmitter increases. For calculating the S/N ratio the only parameters considered are 
thermal noise and free path loss. 
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Figure 8.6 Time delay due to multipath 
From equation 3.8 of chapter 3, delay due to multipath depends upon height of 
transmitter, height of receiver and the distance between transmitter and receiver. But the 
height of the transmitter and height of the receiver is very less as compared to distance 
between transmitter so delay due to multipath mainly depends upon distance between 
transmitter and receiver. From Figure 8 6 it is understood that that time delay due to multi 
path reduces as the distance between the transmitter and receiver increases It is also very 
clearly understood from Figure 8.6 that the delay due to muUipath is prominent for the 
distances below 200m. 
The following heights of the transmitters and receiver's are input from the 
command window to obtain the result in Figure 8.6. If the height of transmitter and 
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receiver vary the graph will also change slightly. The height of transmitters and height of 
receiver, that are input from the command window are as given below-
Height at which Transmitters are located= 5m 
Height at which Receiver is located= 3 m 
989 990 991 
Columns 991 through 995 
994 995 996 
Columns 996 through 997 
999 1000 
I 
Lu > 
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Figure 8.7 Command Window Inputs 
The following locations of transmitter are input through the coming window 
X coordinate of transmitter 1 =21; y coordinate of transmitter 1 =22 
X coordinate of transmitter 2 =24; y coordinate of transmitter 2 =26 
X coordinate of transmitter 3 =32; y coordinate of transmitter 3 =35 
To study the simulation result we have to virtually create the target In our case target is a 
receiver whose location is given below Target is located at the intersection of all the 
circles Since 3D view can not be generated on 2D so height of the transmitter is made 
fixed and only x , y co-ordinate of the receiver are varied. 
X coordinate of receiver =25 
y coordinate of receiver =35 
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Figure 8.8 Intersection of three circles 
To simulate the target position in 2D height of all the transmitters is fixed at 5m and the 
receiver at the height of 3m. So only x and y coordinates are required to be calculated 
with help of localization program. From the Figure 8.8 intersection of three circle is at 
x=25 and y=35. X and Y coordinate of the virtual receiver input from the command 
window are also at 25 and 35 respectively. Hence the simulation program is able to find 
the coordinates of'the desired user. 
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Chapter 9: Conclusion 
9.1 Goals Achieved 
This project had provided a great opportunity to learn about the new and up coming ultra 
wideband technology. The process of learning the fundamentals of ultra wideband and its 
capabilities is definitely an eye opener. Simulation of the transmitter is arduous task to 
face. Due to the lack of exposure to Simulink, a lot of hardships and setbacks have been 
encountered during the course of creating the simulation. To make things worse, most of 
the simulation blocks are not compatible with the system but after months of trial and 
error, a simulation of the system works satisfactorily. UWB technology has 
demonstrated great potential for communications, imaging and positioning applications. 
UWB is poised to enter commercial market place. If it is possible UWB could be 'Future 
Wireless System' and if so it may bring a change in people's life style e.g. Live Video 
(Very High Data Rate) Here are some of the goals that are achieved while working on 
this project: 
1. Gained knowledge about target localization using new wireless techniques. 
2. Understood fundamental principles of UWB. 
3. Designed an indoor localizing system using ultra wideband technology. 
4. Predicted received power calculated. 
5. Equations to obtain user coordinates formulated. 
6. Created a simulation of the transmitter utilizing DS-UWB 
9.2 Future Work 
What the simulation for transmitter hopes to achieve is to enable a greater understanding 
of how a DS-UWB transmitter works. With this simulation completed, enhancement 
could be in terms of analysis using another ultra wideband technique, TM-UWB to 
compare the differences between the two in terms of noise performances and accuracy in 
localizing a target. 
On the aspect of the overall system, the next step would be implementmg 
triangulation of the user coordinates within the simulation. When that is completed, the 
simulation could proceed to simulate locating multiple users at the same and what are the 
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effects of multi-paths on the received signals. This work can be easily implemented in the 
field where wireless automation is of prime importance. This localization technique has 
its worth where various different sorts of activities like fabrication of parts, inspection of 
parts etc are to be handled simultaneously. 
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Appendices 
(A) M - File for s function Block Exor 
fiinction[sys,xO,str,ts]=exclor(t,x,u,flag) 
switch flag, 
case 0, 
[sys,xO,str,ts]=mdlInitializeSizes; 
case 1, 
sys=mdl Derivatives(t,x,u); 
case 2, 
sys=md 1 Update(t,x,u); 
case 3, 
sys^^mdl Outputs(t,x,u); 
case 4, 
sys=mdlGetTimeOfNextVarHit(t,x,u); 
case 9, 
sys=mdl Terminate(t,x,u); 
otherwise 
error(['Unhandledflag=',num2str(flag)]); 
end 
fiinction[sys,xO,str,ts]=mdlInitializeSizes 
sizes=simsizes; 
sizes.NumContStates=0; 
sizes.NumDiscStates=l; 
sizes.NumOutputs=4092; 
sizes.Numlnputs=l 027; 
sizes.DirFeedthrough=l; 
sizes. NumSampleTimes=l; 
sys=simsizes(sizes); 
xO=0; 
sti-[]; 
% at least one sample time is needed 
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ts=[l 0]; 
function sys=mdl Derivatives(t,x,u) 
sys=[l; 
function sys=mdlUpdate(t,x,u) 
sys=[]; 
function sys=mdlOutputs(t,x,u) 
in=u; 
foi \=\ •.\ength(m); 
ifi<5; 
data(i)=in(i); 
else; 
gold(i-4)=in(i); 
end; 
end; 
for k=l :length(data); 
for j=l :length(gold); 
newdata(ko)=data(k); 
end; 
end; 
newdata; 
P=0; 
for m=l :length(data); 
for n=l :length(gold); 
if newdata(m,n)==gold(l ,n); 
output(l,n+p)=0; 
else; 
output(l,n+p)=l; 
end; 
end; 
p=p+1023 
end; 
%to separate data from the gold code 
%if data is 4 bits, set condition to <(4+l) 
%to spread out 1 bit of data to be XORed 
%length of data is 4 
%lengthofgoldisl023 
%performs XOR between data and Gold code 
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sys=output; 
function sys=mdl GetTimeOfNextVarHit(t,x,u) 
sampleTime=l; % Example, set the next hit to be one second later. 
sys=t + sampleTime; 
function sys=mdlTerminate(t,x,u) 
sys = []; 
,(B) M - File for s Function fTame_timing 
function[sys,xO,str,ts]=frame_timing(t,x,u,flag) 
switch flag, 
case 0, 
[sys,xO,str,ts]=mdlInitializeSizes; 
case 1, 
sys=mdlDerivatives(t,x,u); 
case 2, 
sys=mdlUpdate(t,x,u); 
case 3, 
sys=mdl Outputs(t,x,u); 
case 4, 
sys=mdlGetTimeOfNextVarHit(t,x,u); 
case 9, 
sys=mdl Terminate(t,x,u); 
otherwise 
error(['Unhandledflag=',num2str(flag)]); 
end 
function[sys,xO,str,ts]=mdlInitializeSizes 
sizes=simsizes; 
sizes. NumContStates=0; 
sizes.NumDiscStates=l; 
sizes.NumOutputs=4092; %number of outputs is number of inputs 
sizes.Nun\Inputs=0; %numbeT of elemente m input 
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sizes DirFeedthrough=l, 
sizes NumSampleTimes=l, % at least one sample time is needed 
sys=simsizes(sizes), 
xO=0, 
str=[], 
ts=[l 0], 
function sys=md 1 Derivatives(t,x,u) 
sys=n, 
function sys=mdlUpdate(t,x,u) 
sys=[], 
function sys=mdlOutputs(t,x,u) 
HI 
for t=l 1 4092, %change the final value to number of inputs 
f(t)=(t-l)*(2/2 4e9); 
end 
sys=f 
function sys=mdl GetTimeOfNextVarHit(t,x,u) 
sampleTime=l, % Example, set the next hit to be one second later 
sys=t+sampleTime; 
function sys=mdlTerminate(t,x,u) 
sys=[], 
(C) M File for Gaussian Monopulse 
function[sys,xO,str,ts]=gmonopulse(t,x,u,flag) 
switch flag 
case 0, 
[sys,xO,str,ts]=mdlInitializeSizes, 
case 1, 
sys^mdl Derivatives(t,x,u), 
case 2, 
sys=md 1 Update(t,x,u), 
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case 3, 
sys=mdl Outputs(t,x,u); 
case 4, 
sys=mdlGetTimeOfNextVarHit(t,x,u); 
case 9, 
sysmd 1 Terminate(t,x,u); 
otherwise 
error(['Unhandledflag=',num2str(flag)]); 
end 
function [sys,xO,str,ts]=mdlInitializeSizes 
sizes=simsizes; 
sizes.NumContStates=0; 
sizes.NumDiscStates=l; 
sizes. NumOutputs=64; 
s izes. Numlnputs=4092 * 2; 
sizes.DirFeedthrough=l; 
sizes.NumSampleTimes=l; % at least one sample time is needed 
sys=simsizes(sizes); 
xO=0; 
str=[]; 
ts=[2/2.4e9 0]; %offset time and sampling time 
function sys=mdlDerivatives(t,x,u) 
sys=[]; 
function sys=mdlUpdate(t,x,u) 
sys=[]; 
function sys=mdlOutputs(t,x,u) 
%k=0; 
fori=l:4; 
miu=0.5; 
Tp=l/2.4e9; 
sigma=Tp/(2*pi); 
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t=0.5-16*(0.5/2.4e9):(l/(4*2.4e9));0.5+16*(0.5/2.4e9Hl/(4*2,4e9)), 
ifu>.5; 
output=l/(sigma*(sqrt(2*pi)))*(-(t-miu)/(sigma)*(sigma)).*exp((-(t-miu). 
*(t-miu))/(2*(sigma)*(sigma))); 
else; 
output=-(l/(sigma*(sqrt(2*pi)))*(-(t-miu)/(sigma)*(sigma)).*exp((-(t-miu).*(t-
miu))/(2*(sigma)* (sigma)))); 
end; 
end; 
sys=output; 
function sys=mdl GetTimeOfNextVarHit(t,x,u) 
sampleTime=l; % Example, set the next hit to be one second later. 
sys=t+sampleTime; 
function sys=mdTerminate(t,x,u) 
sys=[]; 
(D) M file for Delay timing 
function [sys,xO,str,ts] - delay_timing(t,x,u,flag) 
switch flag, 
case 0, 
[sys,xO,str,ts]=mdlInitializeSizes; 
case 1, 
sys=mdlDerivatives(t,x,u); 
case 2, 
sys=mdlUpdate(t,x,u); 
case 3, 
sys=mdlOutputs(t,x,u); 
case 4, 
sys=mdlGetTimeOfNextVarHit(t,x,u); 
case 9, 
sys=mdlTerminate(t,x,u); 
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otherwise 
error(['Unhandled flag = ',num2str(flag)]); 
end 
function [sys,xO,str,ts]=mdlInitializeSizes 
sizes = simsizes; 
sizes.NumContStates = 0; 
sizes.NumDiscStates = 1; 
sizes.NumOutputs = 240; % number of outputs is number of inputs 
sizes.Numlnputs = 1; % number of elements in input 
sizes.DirFeedthrough = 1; 
sizes.NumSampleTimes = 1; % at least one sample time is needed 
sys - simsizes(sizes); 
xO = 0; 
str=[]; 
ts = [10]; 
function sys=mdlDerivatives(t,x,u) 
sys = []; 
function sys=mdlUpdate(t,x,u) 
sys = []; 
function sys=mdlOutputs(t,x,u) 
delays u/3e8; 
for t = 1:1:240; %change the final value to number of inputs 
f(t) = (t-l)*((2/2.4e9)/60)+delay; 
end; 
sys= f; 
function sys=mdlGetTimeOfl^extVarHit(t,x,u) 
sampleTime = 1; % Example, set the next hit to be one second later. 
sys = t + sampleTime; 
function sys=mdlTerminate(t,x,u) 
sys = []; 
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(E) M - File for Localization of Target 
figure(l); 
subplot(2,2,l); 
fc = 2.4E9;fs=100E9; 
tc = gmonopuls('cutofF,fc); 
t =-2.4*tc: l/fs:2.4*tc; 
y = gmonopuls(t,fc); % Generating the Gaussian monopulse 
plot(t,y); 
title CUWB Gaussian monopulse in the time domain'); 
ylabel('Unity Amplitude'); 
xlabel('Time in Sec'); 
Grid on; 
subplot(2,2,3) 
D = [2.5 10 17.5]'* le-9; 
tc = gmonopuls('cutofF,fc); 
t - 0 : l/fe: 150*tc; 
yp = pulstran(t,D,@gmonopuls,fc); 
plot(t,yp); 
title (IJWB Gaussian monopulse transmitted from transmitter'); 
ylabel('Unity Amplitude'); 
xlabel('Time'); 
subplot (2,2,2); 
N=12;n=0;N-l; 
tc=gmonopuls('cutoff,fc); 
t=-2*tc: 1/fs: 2*tc; 
y=gmonopuls(t,fc); Y=fft(y); magY=abs(Y); 
fy=0:(N/2)-l; 
fy=(fy*fs)/N; 
plot(fy,20'''logl 0(magY(l :N/2))); % plot the Gaussian mono pulse in frequency domain 
grid on; 
title CUWB Gaussian monopulse in the frequency domain'); 
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xlabel('Frequency in Hz'), 
ylabel('Power(dB)'), 
subplot(2,2,4), 
Al =0 1/50E3 lOE-3, 
D = [0 1/1E3 lOE-3,0 8 ^(0 10)]', 
Y = pulstran(Al ,D,'gauspuls',lOE3,0 5), 
plot(Al,Y), 
title (IJWB Gaussiaa monopulse at different distance from transmitter'), 
xlabeK'Distance From Transmitter X 10000'), 
ylabelC Amplitude'), 
figure (2), 
permiability=input('Enter Permiability of the Medium') 
n=input('enter n') 
D=10 1 20, 
subplot(2,2,l), 
x=sqrt(permiability), 
lamda=3/24*x, 
Do=l, 
s=(lamda*lamda)/16*pi*pi*Do, 
PL=-10*log(s), % calculate path loss 
y=D/Do 
z=10*log(y), 
PLD=z+PL, 
plot(D,PLD), 
title (Path loss at different ranges'), 
xlabel('Distance in m'), 
ylabel('path loss(db)'), 
grid on, 
T=mput('enter temperature in kelvm ') 
r=4 1 1000 
Lw=7 
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subplot(2,2,2); 
pl=20*log(3e8/4*pi*r*2.4e9Hr-4); 
k=10*log(250e-6)-10*log(3.5e9)-10*log((1.38e-23).*T); 
SNR=pl+k; % calculate S/N ratio 
plot(r,SNR); 
grid on; 
title ('Signal to Noise ratio at different ranges'); 
xlabel('Range in m'); 
ylabel('Signal to Noise Ratio'); 
subplot(2,2,3) 
Ht=input('Height at which Transmitters are located '); 
Hr^input('Heightat which Receiver is located ') 
a=l:10:1000; 
m=(Ht-Hr); 
n=(Ht+Hr); 
D=sqrt(a.*a+m.*m); 
R=sqrt(a.*a+n.*n); 
Delay=(R-D)/3e8; % calculate delay due to multi path. 
plot(a,Delay); 
title (Delay due to multi path'); 
grid on; 
ylabel('Delay'); 
xlabel('Distance between Transmitter and Receiver in m'); 
Xl=input('x coordinate of transmitter 1 ') 
Yl=input('y coordinate of transmitter 1 ') 
X2=input('x coordinate of transmitter 2 ') 
Y2=input('y coordinate of transmitter 2 ') 
X3=input('x coordinate of transmitter 3 ') 
Y3=input('y coordinate of transmitter 3 ') 
X=input('x coordinate of receiver'); 
Y=input('y coordinate of receiver'); 
% location of transmitter and receiver 
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Dl=sqrt((X-Xir2+(Y-Yl)^2+(Ht-Hrr2), 
D2=sqrt(pC-X2)^2+(Y-Y2)^2+(Ht-Hr)^2), 
D3=sqrt(P(-X3)^2+(Y-Y3)^2+(Ht-Hr)'^2), 
xl=-(Dl-Xl) 002(D1+X1), 
figure (3), 
subplot(l,l,l), 
m=Dl*Dl 
yl=sqrt(m-(xl-Xl) *(xl-Xl))+Yl, 
plot(xl,yl), 
hold on, 
zl =-(sqrt(m-(xl-XI) *(xl-XI)))+Yl, 
plot(xl,zl), 
hold on, 
x2=-(D2-X2) 002 (D2+X2), 
n-D2*D2, 
y2=sqrt(n-(x2-X2) *(x2-X2))+Y2, 
plot(x2,y2), 
hold on, 
z2=-(sqrt(n-(x2-X2) *(x2-X2)))+Y2, 
plot(x2,z2), 
hold on, 
x3=-(D3-X3) 002 (D3+X3), 
o=D3*D3, 
y3=sqrt(o-(x3-X3) *(x3-X3))+Y3, 
plot(x3,y3), 
hold on, 
z3--(sqrt(o-(x3-X3)*(x3-X3)))+Y3, 
plot(x3,z3), 
gnd on, 
hold on , 
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